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INTRODUCTION
Anterior open bite malocclusions remain one of the most challenging problems in
clinical orthodontics. It has long been recognized that anterior open bites arise from
multiple etiologies and that a differential diagnosis of anterior open biteis essential to
successful treatment. Due to the great difficulty that clinicians have in both correcting an
anterior open bite malocclusion and maintaining stability, improving the differential
diagnostic acumen concerning open bites would greatly enhance the prognosis of
orthodontic treatment.
Cephalometric analysis stands as the orthodontic standard for determining the
skeletal contributors to an individual’s malocclusion. In general, cephalometric analysis
provides quantified measurements of the vertical and horizontal (anteroposterior) aspects of
dentofacial form. Many key cephalometric studies have been done which detail the specific
skeletal morphology of open bite patients. In summary, most open bite cephalometric
analyses identify patients with:
1) excessive gonial, mandibular plane and occlusal plane angles
2) down and backward rotation of the mandible
3) decreased palatal plane angle
4) long lower anterior face height
5) decreased upper anterior face height
6) maxillary posterior dentoalveolar hyperplasia.
Even though these features are typically seen in open bite patients, there is much dispute
and contradiction in the literature. For instance, conflicting results have been reported
regarding the relationship of the maxilla to cranial base structures. Several well regarded
open bite studies show that the palatal plane is tipped up anteriorly while other respected
studies show that there is no difference in the palatal plane angle when comparing open bite
patients to controls.
A review of the literature reveals that there is no universally accepted method that
determine the skeletal components of an open bite. Most commonly, clinicians will choose
one or two of the typical cephalometric features to identify an open bite patient. For
example, many practitioners view the mandibular plane angle and consider "high angle"
cases to be indicative of open bite tendencies. However, this maybe a false assumption, as
a number of investigators have been unable to support this perceived relationship of high
mandibular plane angles to the presence of anterior open bite.
The prediction of furore dentofacial growth is a facet of orthodontics that has been
well studied in the literature. Specifically, the prediction of furore mandibular growth
rotation has been studied at length by Bjork and colleagues using metal implants and serial
cephalometric films. Logically, a patient whose mandible grows downward and rotates
backward would have a greater tendency to exhibit an anterior open bite and be more pre-
disposed to open bite treatment failure due to the greater distance of incisor correction
necessary. The purpose of this study is to (1) determine if a relationship exists between the
features of mandibular backward and forward rotation and dental overbite and (2)
determine if the backward features of mandibular rotation pre-dispose anterior open bite
patients to unsuccessful treatment outcome.
BACKGROUND/LITERATURE REVIEW
Definition and Incidence
Open bite can be defined as "a malocclusion in which some teeth cannot be brought
into contact with opposing teeth. ’’ The incidence of anterior open bite in the United States
is low (3.5% in Caucasians and 16.3% in African-Americans). The severity of open bites
range anywhere from a mild edge to edge relationship of incisors to a severe condition
consisting of upper and lower incisors that are far from contacting when the patient is in a
full posterior occlusion. However, the complete definition of anterior open bite requires
addressing both etiologic factors and morphologic characteristics of this malocclusion.
Etiology of Open Bite
There are many causes of anterior open bite proposed by the classic and current
literature. Malocclusion, a complex morphologic and functional anomaly, seldom has a
single etiology and anterior open bite certainly is no exception. A number of factors, both
genetic and environmental, may contribute to the development of this malocclusion. In
1969 when Sassouni classified the various skeletal facial types, he noted that vertical
dysplasias may develop with inherited horizontal dysplasias. Therefore, open bites may
be associated with either a Class I, Class II or Class III skeletal relationship.
The Role of Intrinsic Factors and Growth
Although no genetic marker for an open bite tendency has been found, inheritable
and/or congenital factors are likely to play a role in its development. Disharmony in facial
proportion can be attributed to the failure of normal, coordinated growth of the craniofacial
complex in terms of timing, magnitude and direction.4 Nanda followed 32 deep and open
bite patients longitudinally and found that patterns of development of anterior vertical facial
proportions are established at an early age and maintained during the progression of
growth; even before the eruption of the first permanent molars and long before the
adolescent growth spurt. Also, many investigators have shown that developing children
exhibit gnomic growth: the process by which the proportions of the human face remain
relatively constant with age. For example, a child with an open bite pattern of growth will
continue to grow as such, just as a child with a deep bite pattern of growth will continue to
have a deep bite.6
Conversely, even though the open bite pattern of growth appears to be relatively
fixed, some clinical evidence suggests that several open bites close spontaneously without
treatment. A study performed by Hellmanv in 1931 on 43 treated and untreated open bites
revealed that the percentage of successful treatments was equal to the number of
spontaneous self-corrections in the untreated group. Also, in 1971 Worms8 conducted a
serial study of 1,408 Navajo children with anterior open bite. He found a spontaneous
correction of 80% of patients with open bites who proceeded from a 7-9 year age group to
a 10-12 age group.
Richardson,9 in a 1971 three-year longitudinal study, attempted to locate significant
differences between open bite patients whose deformity was maintained and those whose
open bite closed spontaneously without treatment. He divided his sample based on age and
found that among the prepubertal group, spontaneous closure was associated with a small
growth of facial height in conjunction with an increased development of lower
dentoalveolar height. In the pubertal group, spontaneous closure was associated with
increased growth of upper and lower anterior alveolar base heights. Finally, in the
postpubertal group, closure was again associated with small increments of growth in facial
height.- However, Richardson was unable to find any key prognostic indicators that would
allow the clinician to determine at initial presentation whether the open bite would close.
He reported that approximately half of his total sample exhibited spontaneous closure,
highlighting the argument that open bites might indeed correct themselves with growth.
Later, Finlay and Richardson refined a technique used to predict the spontaneous
self correction of open bite patients whom they expected to have favorable growth. A
computer-derived discriminate equation was taken from a cephalometric sample of 127
untreated open bite patients followed longitudinally for a minimum of three years. From
this equation, investigators were able to predict closure or non-closure from a single
cephalometric radiograph in 88% of the patients at the pre-pubertal stage (7-10 years), in
74% at the pubertal stage ( 11-14 years), and in 94% at the post-pubertal stage (15-21
years).
The use of this equation in predicting spontaneous closure was tested against
predictions made by groups of clinicians using more conventional cephalometric
methods.1 This new sample contained 34 anterior open bite subjects and was again
divided into the three age groups. The discriminate analysis made correct outcome
predictions in 85% of the sample, while clinicians from two different geographic areas
predicted 64% correctly,
It appears that while some longitudinal studies show the relatively fixed nature of
open bite malocclusion, spontaneous correction of the deformity does occur. However,
prediction of this closure, based upon cephalometric features or even elaborate computer-
derived equations, is speculative at best. This difficulty is compounded by the multiple
complex variables that are involved in craniofacial growth and developmental biology,
making it problematic to pinpoint a single integrative cause for the deformity.
The development of vertical maiocclusions, both deep and open bites, may be
caused by certain alterations in facial maturation, notably the direction of mandibular
growth. In studies of facial development Using metallic implants, Bjork showed that the
direction of growth of the mandible varies greatly in the normal population. Typically, the
condyle grows vertically with a small anterior component. This contributes to the classical
"downward and forward" direction of facial growth. However, in patients with long faces,
the mandibular condyle has a more posteriorly directed growth pattern. The direction of
mandibular growth, as expressed by the chin, is mostly vertical in these patients. Thus,
condylar growth direction plays an important role in the development of vertical
malocclusions.
Another key element in the formation of vertical malocclusion has to do with
mandibular growth rotation. Rotational tendencies within the mandible are manifested in a
differential between anterior face height (AFH) and posterior face height (PFH)
development. AFH, or the distance from nasion to menton, increases mostly by the
eruption of upper and lower posterior teeth and the sutural downward growth of the
maxilla. In contrast, the position of PFH, or the distance from sella to gonion, depends on
both the growth of the condyle and the lowering of the glenoid fossa. When
dentoalveolar growth exceeds vertical condylar growth, the mandible will rotate down and
back, accentuating the open bite. When the reverse occurs and PFH is greater than AFH,
the potential for a deep bite increases.
Bjork listed several predictors of mandibular growth rotation based upon specific
morphologic lower jaw features, the angulation of the condylar head being just one. 4 If
condylar growth generally occurs in a posterior direction, the fulcrum point of the mandible
is located further back on the occlusal plane. In this case, the mandible rotates down and
back, maximizing the difference between AFH and PFH. These predictors will be referred
to again in greater detail. At this time it is important to realize that both condylar growth
direction and mandibular rotation have been implicated as potential etiologic factors in
anterior open bite malocclusion. However, the specific causative role of genetics and
growth in the formation of open bites remains uncertain and hypothetical.
The Role of Extrinsic/Environmental Factors and Growth
Masticatory muscle position and force
A host of environmental factors may play an important role in the development of
an anterior open bite. The etiologic importance of masticatory muscle position and force is
one hotly disputed topic. Cases reported by Moller1 and Ingerval116 showed a weaker
musculature in patients with high mandibular plane angles and a stronger musculature in
patientswith low mandibular plane angles. Thus, it was theorized that a further opening of
the bite during the treatment of high angled patients was caused by their significantly lower
bite force compared to normal patients. Proffit, et a117 found that long-face adults had a
statistically significant lower bite force than normal face adults. However, this association
between occlusal force and facial morphology does not imply a cause and effect
relationship. In fact, it was shown that pre-pubescent children who had a long-face pattern
of growth had no difference in bite force compared to children with normal faces and long-
face adults. a These three groups all had forces far below those of normal adults. Because
the high angled pattern of growth could be identified before the differences in occlusal bite
force appear, muscular forces maybe an effect rather than a cause of long-face growth
pattern. Thus, based upon this evidence, there is no relationship between the magnitude of
bite force in patients and the development of an anterior open bite.
Thumb or digit sucking
Thumb or digit sucking has long been recognized as an etiology, especially when
this habit persists well into the mixed and permanent dentition phase. Generally, digit
sucking in a child up to age 4 or 5 years is normal and does not directly result in any
permanent form of malocclusion. 9’ 20, 21 However, when this habit persists well into
preadolescence, an anterior open bite may result.
It has also been shown that when this habit is performed with increasing intensity
and duration, the severity of the anterior open bite may increase. Research has shown that
light forces of long duration may be implicated in moving teeth.22 Children who sleep with
a finger or thumb between the teeth aii night, producing six hours or more of pressure, may
develop an open bite. With the thumb or digit directly impeding incisor eruption, the
mandible is positioned downward, creating more eruption of posterior teeth. Generally,
one millimeter of posterior lengthening opens the bite approximately two millimeters in the
anterior region, contributing to the formation of an anterior open bite.23
Abnormal tongue function
Abnormal tongue function may also contribute to an open bite, yet a distinct cause
and effect relationship is still disputed. Much conflict regarding tongue thrusting as an
etiologic agent abounds in the literature. The etiology of tongue thrusting itself is also very
unclear. The suggested culprits range from thumb sucking4 to enlarged adenoids and
tonsils. Subtelny and Subtelny26 have prompted debate as to whether form follows
function or vice versa. They indicated that the tongue thrusts forward during deglutition in
an attempt to facilitate an adequate oral seal. This would promote the theory that the tongue
thrust was the result of the open bite rather than the reverse. Other researchers also believe
that tongue thrusting alone cannot force the development of an anterior open bite7 and
generally it. is held that the tongue thrust augments, rather than causes, the open bite.28
Examination of population data also leads one to refute the cause and effect
relationship of tongue thrusting and open bite. At every age above six, there are 10 times
more children reported to have a tongue thrust swallow than those reported to have an open
bite., 29 Nearly every child with an anterior open bite has a tongue thrust swallow yet not
every child with a tongue thrust swallow has an anterior open bite. Tongue thrusting does
not appear to play a causative role in open bite development.
This current mode of thinking is substantiated by research revealing that both the
magnitude and duration of the force elicited by the tongue thrust swallow is not great
enough to create an open bite. Laboratory studies measuring tongue pressures against the
lingual of anterior teeth revealed no difference in force when comparing those who place
the tongue tip forward during swallowing to those who keep the tongue back. In fact,
tongue pressure was found to be lower in those with a tongue thrust swallow.
The force duration of tongue thrust swallowing is also too short to augment tooth
position. Typically, an individual swallows approximately 800 times per day during
waking hours and only several times during the course of sleep. Tongue pressure from
swallowing usually lasts for about one second. Therefore, the total amount of time the
tongue is evoking pressure against the teeth during an entire day is usually under 1000
seconds, only a few minutes. When considering the fact that the duration of force
threshold to move teeth is approximately 6 hours in humans, it is clear that the tongue
thrust swallow is an unlikely candidate to cause an anterior open bite.
Even though current research has downplayed the etiologic role of the tongue thrust
swallow, controversy still exists as to whether these atypical swallowing patterns are
paramount over abnormal tongue position in the development of open bites.32 Patients who
have an alteration in tongue posture may have a protrusive resting position of the tip of the
tongue. It was postulated that this more forward resting position would elicit a different
and greater duration of force against the teeth than in a patient whose tongue is in a more
normal position. Thus, while the tongue thrust swallow is most likely not due to altered
tongue position and does not directly cause open bites, resting forward tongue posture may
be a factor; however, clear data is not published.
Respiratory abnormalities or oxygen deficiency
Respiratory or oxygen deficiency may be another causative factor in open bite
development. Conditions such as allergies, enlarged tonsils or adenoids, blocked
Eustachian tubes, a deviated septum, nasal cartilage excess, swollen nasal turbinates and
atelectasis are all pulmonary disturbances that contribute to impaired nasorespiratory
function. 33 It has long been surmised that this difficulty in nasal breathing may predispose
one to develop the characteristic skeletal long-face features often observed in an open bite
condition.
When nasal respiration is compromised it is widely held that the patient undergoes a
transition to mouth breathing. The propensity for mouth breathing often guides the
individual into an altered posmral relationship of the head, jaw and tongue. The head
becomes positioned forward,39’ 34’ 35, 36 the mandible lowers and the tongue assumes a more
down and forward position.33 For example, Vig, et a136 found when blocking the nose in
10
human subjects, there was an immediate 5 degree change in the craniovertebral angle.
Some investigators have shown that this extended head posture would reverse itself when
nasal respiration returns.6’ 37
If altered head posture was maintained long-term, anterior face height could
increase and posterior teeth could erupt. Without increased vertical growth of the ramus,
this might cause the mandible to rotate down and back, opening the bite and increasing
overjet. In fact, when the nasal or nasopharyngeal airway is narrow, it has been reported
that lower anterior face height increases progressively in boys39 and girls.4 However, it is
important to remember that while humans are fundamentally nasal breathers, under certain
physiological conditions the transition to partial oral breathing can readily take place.
Usually this transition occurs in humans with a nasal resistance of approximately 3.5 to 4
cm H20]L/min.41
Total nasal obstruction is rare in humans and there are only a few well-documented
longitudinal case reports in the literature revealing the long-term effects of total nasal
blockage. This obstruction was caused by a pharyngeal flap surgery for cleft palate speech
and resulted in the expected down and backward mandibular rotation and increase in face
height.42 The question then is, "since total nasal obstruction is so rare, does partial
obstruction cause any long-term skeletal effects?" Research attempting to answer this
question is divided into studies of children requiring adenoidectomy and/or tonsillectomy
for medical purposes and studies simply comparing the respiratory patterns of long-face to
normal individuals.
A certain degree of nasal obstruction would be expected in patients diagnosed with
chronic nasal allergies or those scheduled for adenoidectomy and/or tonsillectomy
procedures. It has been found that patients who suffer from allergies have increased
anterior face heights, increased overjets, and decreased overbites when compared to
controls.43 Also, examination of Swedish children who had adenoidectomies revealed
increased total and lower anterior face heights, more retrognathic mandibles, and steeper
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mandibular planes when compared to controls without nasorespiratory symptoms.44 Other
groups needing adenoidectomy and/or tonsillectomy have shown similar differences when
compared to controls.4
This tendency for an increase in mandibular plane angles and anterior face heights
in subjects with mouth breathing has been shown to correct after the re-establishment of
normal respiration. Vargervik, et a146 demonstrated this phenomenon in primates when
more normal nasal breathing was restored. Linder-Aronson47 found that in a sample of
adenoidectomy patients who initially showed significantly longer lower face heights,
steeper mandibular plane angles, and more retrognathic mandibles, the female patients
exhibited a significant change toward a more horizontal mandibular growth direction after
the procedure. However, the morphologic differences of the surgical group from the
control group still persisted with growth.
Some research has offered results suggesting that there is no real significant
correlation of patients with decreased nasal airflow and patients exhibiting vertical
malocclusion. Even though the differences between the aforementioned adenoidectomy
patients and controls were significant, they were not large. On average, lower face height
was only about three millimeters greater in the adenoidectomy group.48 In. an earlier study,
investigators found the same pattern of malocclusion in both children being seen in an ear,
nose, and throat clinic and children without impaired respiration.49
Recently, in an experiment using specific instrumentation to simultaneously
measure nasal and oral airflow,s’ 51 the nasal/oral ratio was calculated in normal versus
long-face children.52 It was revealed that both long-face and normal children are
predominately nasal breathers. Even though individuals with less than 40% nasal
respiration were long-face patients, the majority of the long-face group were mostly nasal
breathers. Thus, this data suggests that diminished nasal function may contribute to the
development of the long-face morphology and concomitant open bite, but it is not the only
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or even the primary cause.52 With the majority of long-face subjects having no evidence of
nasal obstruction, the role of airway remains uncertain.
Neurological disturbances
Neurological disturbances have been implicated as indirect contributors to open bite
malocclusions. Impaired CNS function due to injury or development may compromise
neuromuscular control of the tongue. Down’s syndrome and mentally retarded children
have been shown to have a higher incidence of anterior open bite. Among mentally
retarded and emotionally disturbed children at a special school, Gershater in 1972 found
32.3% had an anterior open bite. 53 He resolved that this high incidence was due primarily
to pernicious oral habits and poor neuromuscular patterns within this subgroup.
Another study also found a high incidence of open bite malocclusion existing in a
population of mentally challenged individuals. Vittek and coworkers54 not only found a
12.1% occurrence of open bite in their sample, but also found that the patients with a
greater severity of mental retardation had higher incidence of the malocclusion. Again, like
Gershater, Vittek and colleagues attributed these findings to poor neuromuscular response
in these patients.
Trauma
An anterior open bite may also be caused by trauma, especially when it involves the
growing mandibular condyle. For example, if a fractured condyle is not properly reduced,
the mandible could heal with-an open bite relationship to the maxilla.
latrogenic causes
Finally, an open bite could develop through iatrogenic causes. For example, a
majority of open bite patients, as will be detailed later, have a hyperdivergent skeletal
pattern, characterized by an increased angle between palatal plane and mandibular plane.
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When orthodontically moving molars distally or occlusally, in a sense "wedging" them into
the apex of this angle, the bite may open.
The development of an anterior open bite is clearly a multifactorial event, with an
exceptional number of individual and overlapping etiologies. These etiologies seem to be
both environmental and genetic in form, returning to the age-old debate of "nature versus
nurture." When a clinician has a clear understanding of the etiology of disease, he or she is
one step closer to the cure. However, malocclusion is not a disease process, it is a
developmental problem. Anterior open bite malocclusion is no different in this regard.
Obviously there is much dispute regarding the relative importance of each of the
overlapping etiologies in contributing to anterior open bites. In sum, they may all be
important, for in developmental problems, there is seldom a single cause that may be
isolated. Therefore, it is possibly more important to focus on the resulting morphology of
anterior open bite malocclusion rather than the myriad of suspected etiologic contributors,
since the specific craniofacial features may indeed be physical adaptations to the particular
environment.
Diagnosis of Anterior Open Bite
Clearly, proper diagnosis is the most crucial step in formulating a treatment plan for
varied clinical problems. Anterior open bite is certainly no exception and it is of paramount
importance to identify the origin of the deformity before the treatment is rendered.
Generally, open bites are divided into two broad categories" (1) skeletal open bites which
are characterized by a discrepancy in the bony relationships, and (2) dentoalveolar open
bites which demonstrate relatively normal skeletal features. Morphologic characteristics
will be discussed, but it must be remembered that within the category of anterior open bite
there is a wide range of both skeletal and dentoalveolar features that may overlap.
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Skeletal Open Bite Morphology
Soft-tissue
The skeletal anterior open bite has a number of key morphologic features. From a
soft-tissue standpoint, skeletal open bite patients often present with an increased lower face
height and a large interlabial gap at rest. Often lip incompetence and a moderate mentalis
strain are noted upon lip closure.5 The intraoral clinical exam in the severe skeletal open
bite patient reveals dental contact only in the molar region, but this may vary from case to
case. The tongue is also generally large and moves forward in an effort to seal the gap
during swallowing,ss However, as stated before, this action is simply to obtain a
satisfactory oral seal and not due to an abnormally large tongue. Genuine hyperglossia is
relatively rare in the human population.
Cranial base
Many studies have been conducted which examined lateral cephalograms of open
bite patients with the objective of detailing significant morphologic skeletal differences
between these patients and those with normal vertical occlusion. In comparing the cranial
bases of controls with open bites, most studies have shown measurements to be quite
similar, including cranial base angulation (N-S-Ba) and anterior cranial base (S-N).5’57’58
However, one study of 25 open bite cases compared to 30 controls did find a significantly
shorter posterior cranial base (S-Ba) among open bite patients. Even though this finding
was statistically significant, the differences were small. The statistical significance was at a
much lower level than some other skeletal findings listed in the following sections. Also,
unlike other studies, this analysis failed to age and sex-match the subjects, adding
confounding variables by comparing potentially dimorphic features.
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Craniomaxillary relations
Much dispute abounds within the literature concerning the relationship of maxillary
structures to the cranial base in open bite cases. Some studies have shown that the palatal
plane is tipped upward anteriorly, producing a reduced angle between S-N and palatal plane
(PNS_ANS).56, s7 However, other studies have detailed that there is no significant
difference in both the angle between S-N and palatal plane6 (PP) and the angle between
Frankfort horizontal and palatal plane when comparing open bites to normals.’
58, 62 One
possible explanation for these conflicting results may be that the studies showing a
significantly different SN-PP had open bites of greater magnitude. Nahoum,s7 who found
palatal planes tipped upward anteriorly in his open bite sample, recorded an average open
bite of-5 mm. On the other hand, Cangialosi6 and Ellis,6 who found no difference in
SN-PP angle when comparing open bites to controls, recorded smaller average open bites
in their samples (-3.6 mm and-2.48 mm respectively). Thus, the conflicting findings in
these studies may be explained by the fact that the sample populations were inherently
different. The patients that displayed a greater open bite probably had more of a
craniomaxillary component. This is purely hypothetical and until studied further, the
relationship between the palatal plane and the anterior cranial base in open bite patients
versus non-open bite patients remains unclear.
Craniomandibular relations
There are several hallmark mandibular features quite prevalent in open bite patients.
Ramal height is usually short and gonial angle obtuse,’ 56, 58, 59, 60, 61, 62, 63 contributing to a
steep mandibular plane. Many investigators have attempted to explain these morphologic
features by citing a change in mandibular shape or position. Sassouni and Nanda surmised
that the decreased length of the mandibular ramus may have been an indirect result of a
more superior positioning of the condyle found in many of their open bite patients. An
increased mandibular plane angle may also have been due to a downward and backward
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position of the ramus as evidenced by Richardson in 1969, who found increased S-Ar-Go
angles in his sample of open bites.64 It must be remembered that in both of these studies,
the investigators drew conclusions based upon comparisons between two extremes" the
open bite and the deep bite. However, both Haralabakis and Ellis found the same results
when comparing open bites to non-growing, sex-matched non-open bite patients.6’ 62, 63 In
fact, Hapak65 found an overall Class II retrognathic tendency on the Down’s facial diagram
in his sample of open bite patients. The same retrognathic tendency was found in Ellis’
two studies62’ 63 which examined the morphologic characteristics of the Class II and Class
III open bite compared to Class II and Class III controls. In the Class II study, Ellis found
larger ANB values in the open bite population, a consequence, he said, of the backward
and downward positioning of the mandibular ramus. In the Class III study he found a less
negative ANB value in the open bite sample, again typifying the down and backward
positioning of the ramus. Both of these findings suggest a more retmsive position of the
mandible, making the anteroposterior discrepancy more obvious in the Class II patients,
and less obvious in the Class III patients.
Maxillary dentition
In skeletal open bites, dentoalveolar structures may also be affected. There is some
dispute among researchers concerning maxillary anterior and posterior dentoalveolar
height. Sassouni & Nanda and Subtelny & Sakuda, as well as other researchers, found
both anterior and posterior denture bases to be significantly greater in open bite patients as
compared to normals.:5’ 56, 61, 62, 63, 66 This "hypereruption" of posterior teeth, causing the
clockwise rotation of the mandible, has often been implicated as a key factor in the
development of an open bite. On the other hand, a study examining skeletal open bite
morphology in males found no difference in the measurement from maxillary molar to
palatal plane or to S-N.59 These contradictory results could be due to the morphologically
differem populations used (males vs. females) or to the difference in cranial and facial
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measurements evaluated. Thus, it is still unclear whether maxillary posterior dentoalveolar
hyperplasia directly contributes to the development of an anterior open bite.
Mandibular dentition
Mandibular posterior dentoalveolar hyperplasia, contributing to the same clockwise
rotation of the mandible, is another supposed causal factor of anterior open bite. However,
this has been refuted by several key morphologic studies. Subtelny and Sakuda as well as
Haralabakis noted no difference in posterior mandibular dental height when they compared
their open bite patients to controls.’ 61 Also, both Sassouni & Nanda6 and Nahoum, et
a159 actually found a decreased distance between the lower molars and the mandibular
plane. Haralabakis6 found an increased anterior mandibular dentoalveolar height in his
sample, again strengthening the argument for dental compensation in the skeletal open bite
case. Based upon these morphology studies, it appears that the dentoalveolar contribution
of anterior open bite malocclusion is primarily restricted to the posterior maxillary_ teeth
with the anterior teeth hyperempting as a compensatory mechanism.
Vertical relationships
Several other cephalometric measurements typically associated with anterior open
bite patients have also been discussed in the literature. Commonly, total face height,
measured from nasion to menton, is increased5’ 56, 58, 60, 61, 62, 63, 64 and actually most studies
have shown that this measurement is enlarged due to an increase in lower anterior facial
height (LFH), or the area below ANS.5’ 56, 57, 58, 59, 60, 61, 62, 63, 64 The upper anterior face
height (UFH), or the distance from nasion to ANS above the palatal plane, has been found
to be normal,’
56, 65 or even shorter than controls.57
Some investigators have tried to explain this increase in LFH by relating it to
changes in other linear and angular structures in addition to UFH. Richardson, 64 using
multiple regression analysis, found that the LFH measurement was closely correlated with
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all other linear measurements in the facial polygon and 50% of the variation in LFH could
be explained by the variation in just two structures: mandibular body length and UFH.
Nahoum6 in 1975 developed an aid in the diagnosis of open and deep bite cases using the
ratio of upper anterior face height to lower anterior face height (UFH/LFH). Cases with
UFH/LFH being less than 0.7 were labeled as open bites, 0.8 were normal and cases
greater than 0.9 were deep bites. The usefulness of this analysis, as well as critiques of
this study, will be elucidated later.
Posterior face height
A number of studies have also found that in a significant majority of openbite
cases, posterior face height (S-Go) is reduced.2’ 56, 58, 59, 60 On the other hand, when
comparing posterior face height and ramal height of deep bite patients to open bite patients,
Nanda5 found no significant difference in these measurements, indicating an emphasis
toward the anterior face height for differentiation. Ellis, et a162’ 63 also found no difference
in posterior facial height when comparing Class II and Class III open bites with Class II
and Class III non-open bites. Thus, it appears that in studies comparing open bites to both
deep bites and to normals, contradictory evidence exists as to whether posterior face height
directly contributes to the dysplasia.
Other planes
Another diagnostic technique in defining the skeletal open bite requires the
practitioner to compare all of the patient’s several bony planes to one another. The
hyperdivergent face, a hallmark of the severe skeletal open bite, includes S-N, Frankfort
horizontal, palatal and mandibular planes in a steep relationship to each other, while in the
hypodivergent face of deep bite patients, these planes are quite parallel.3’ 67 Often skeletal
open bite patients also exhibit two distinct maxillary and mandibular occlusal planes. The
former is usually tipped upward anteriorly, following the orientation of the palatal plane,
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and the latter is canted downward following the mandibular plane.59’ 62, 63 Nahoum et a159
also found that in comparing both the maxillary and mandibular occlusal planes to cranial
base structures, it was only the mandibular occlusal plane that was deviated from normal.
This steep relationship suggests that the open bite deformity is concentrated below the
maxillary dentition.
Dental Open Bite Morphology
The diagnosis of a dental anterior open bite, like the skeletal open bite, is confirmed
by inspecting both clinical, radiographic and etiologic factors characteristic of the
malocclusion. In the dental open bite the malocclusion usually shows features
representative of the particular etiology. For example, if the etiology is determined to be
thumb-sucking, often the maxilla appears V-shaped and constricted due to the increased
pressure from sucking exerted upon the posterior teeth by the buccinator muscle.6s Usually
the upper anterior teeth are somewhat proclined while the lower anteriors are retroclined,
again due to the presence of thumbs or digits in the oral cavity.
Dental vs. Skeletal Open Bites
Based upon cephalometrics, it cannot be assumed that the dental open bite has no
skeletal morphoiogic features. Since most open bites have some elements of both skeletal
and dental dysplasia it is often difficult to differentiate the two. One study attempted to
differentiate skeletal from dentoalveolar open bites via cephalometrics. Cangialosi6 in his
study of 60 open bite patients compared to 60 Class I untreated controls, divided the open
bite sample into dentoalveolar and skeletal open bites. He did this using "some arbitrary
judgment" as to what constitutes a skeletal open bite. He decided that if four of the six
cephalometric values recorded were within one standard deviation from normal and the
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other two were between one and two standard deviations from normal, the open bite was
considered to be dental in nature. From this criteria, 43 patients of the 60 total open bites
fit within the skeletal category and, as expected, more extreme cephalometric values were
found.
In the dentoalveolar open bite, the cephalometric features are less severe and usually
are representative of the particular etiology. For example, the difference in the amount of
tooth eruption is one feature that may distinguish the skeletal from the dentoalveolar open
bite and also allow one to glean information regarding the specific etiology. In the skeletal
open bite the anterior teeth are likely to be normally erupted or even overempted.6
However, in the dental or habitual open bite the anterior teeth often are underempted
because of the presence of some foreign body such as a thumb or pencil, the malocclusion
again being localized to the specific teeth involved.
Cangialosi6 also pointed out several key cephalometric features. The patient with a
dental anterior open bite may show a decreased distance from upper incisal edge to palatal
plane, :indicating a stunted anterior denture base development. This again may be related to
the presence of a foreign body or digit, impeding normal dentoalveolar growth.
Cephalometrically, the upper incisors may be proclined and the lower incisors retroclined,
especially if a thumb sucking habit exists. Thus, the diagnostic criteria of a dental anterior
open bite includes taking into account the less severe skeletal pattern, localizing the problem
primarily to the teeth and determining the etiologic factors which contribute to the
malocclusion.
Treatment of Open Bites
The comprehensive treatment of anterior open bite relies heavily upon both securing
an accurate diagnosis and identifying the etiologic site. Once this is completed, the clinician
should select unique treatment objectives specific for the patient and begin to formulate a
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treatment plan to correct the deformity. Correction of the malocclusion usually falls within
three categories: orthodontics, surgery, or myofunctional therapy, and may include two or
even all three modalities as each individual treatment plan dictates.
Surgical Treatment
When the dentofacial deformity is severe and the open bite is definitely skeletal in
nature, maxillofacial surgery with combined orthodontics is generally the best option.
Surgery is advantageous in that it directly eliminates the skeletal problem rather than
indirectly compensating for the malocclusion by tooth movement.s There are a number of
surgical techniques prevalent in the literature, each one completely dependent upon the
particular case and treatment objective.
Orthodontic Treatment
If the case is not severe enough for surgical correction, yet still has some definite
skeletal features, sometimes orthodontics alone may be an excellent therapeutic regimen.
However, usually the use of anterior intermaxillary elastics is contraindicated due to the
already supraerupted anterior teeth. Furthermore, in a crowded case, attempting to retract
molars distally is also contraindicated because this may force the bite open during
treatment.67 On the other hand, genuine intrusion of molars, complementing an upward
and forward rotation of the mandible, would be an ideal treatment goal. This method is
advocated by a number of authors using a variety of different treatment modalities. The use
of posterior bite blocks, causing an intrusion of posterior teeth with forces generated by the
muscles of mastication, is one such modality suggested by several authors.69’ 70, 71
Magnets have also come into favor as a means to intrude posterior maxillary and
mandibular teeth by reciprocal forces.7 Both Woods and Nanda7 and Kiliaridis, et alTM
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showedintrusion of posterior teeth using magnetic appliances and posterior bite blocks.
The latter study compared the two modalities and found both to prompt the intrusion of
posterior teeth, in effect decreasing or eliminating the anterior open bite.
Some authors advocate treating the open bite case as the direct opposite of deep bite
treatment. Alexander7s recommends placing opposite curves of Spee in the archwires with
the goal of extruding anterior teeth and intruding posterior teeth. He also uses anterior box
elastics for anterior extrusion as well as for training patients to control tongue thrusting by
keeping their tongue away from the area.
Treatment Timing
Some clinicians advocate postponing treatment with full fixed appliances until after
puberty, when the potential for posterior or backward rotation of the mandible is reduced.
It is argued that the tendency to extrude posterior teeth decreases when there is less active
growth.76 However, other clinicians favor early treatment in patients who exhibit a skeletal
open bite pattern. They usually recommend therapy aimed at the possible prevention of the
condition as well as advocate treatment mechanics that will not aggravate the dysplasia.6
Orthodontic Treatment Effects
One study investigated the particular treatment effects of both fixed and functional
appliances on skeletal open bite patients. Arat and Iseri in 199277 followed 11 patients
treated with Begg mechanics, 10 patients treated with Edgewise appliance and 11 patients
treated with functional appliances from start to finish. Through the use of pre- and post-
treatment lateral head films the investigators made evaluations of the changes in the
dentofacial structures that could be effective in the reduction of open bite. They found the
open bites were significantly reduced in all subjects during active treatment, and in the
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functional appliance group 46% of the variance in the reduction of open bite could be
explained by a forward and upward rotation of the mandible. On the other hand, in the
fixed appliance group (Begg and Edgewise), marked increases in the upper and lower
dentoalveolar height were noted, contributing to a backward mandibular rotation and an
increase in anterior face height. They explained the reduction of the open bite in the fixed
group by the observed increase in anterior dentoalveolar height, even though no attempt
was made to vertically extrude the incisors. Instead, being that all of their fixed subjects
were extraction cases, the decrease in open bite could be explained by the overall retraction
of upper and lower incisors. Regardless of type of treatment modality, they stressed an
overall importance in maintaining vertical control of the posterior dentition during
treatment.
Thumbsucking Treatment
The correction of a purely dental anterior open bite is often easier than in patients
with a confirmed skeletal diagnosis. Dental open bites are believed to result from an
obstructed eruption of the anterior teeth. These cases often show spontaneous closure, and
75 to 80% have shown definite improvement without any form of treatment,s This
phenomenon is manifested in the thumbsucking patient. The open bite, marked clinically
by a hypodeveloped anterior alveolar height, disappears in young patients when the cause
of the malocclusion is removed. Sometimes if the patients are older, vertical anterior
intermaxillary elastics are worn to correct the problem. If the etiology of the malocclusion
is discovered to be thumbsucking or tongue thrusting, the fixed or removable palatal crib is
the most common appliance used in treatment. Generally the thumb is physically prevented
from achieving a comfortable position in the mouth. Success, however, ultimately depend
on the patients’ willingness to actually break the habit. Klein19 in 1971 compared two
groups of patients" those with an "empty habit" where the child sincerely wants to stop
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sucking, to those with a "meaningful habit" where the child may continue despite any
efforts planned to break the habit. In the latter group Klein felt that a more psychologically
oriented approach should be administered to persuade the child that the habit is not
important. Conversely, if the habit is "empty", it should be broken within two to three
months of appliance wear.
Myofunctional therapy alone to control a tongue thrust had been performed in the
past as a means for correcting anterior open bites. In a study by Subtelny, using tongue
restricting appliances on open bite patients worn for six months, he found that after the
appliance was removed the tongue usually readapted to its old pattern of function. In sum,
the appliance failed to "train" the hyperactive, protrusive tongue to limit its bounderies.
In this form of therapy, success has been guarded and several clinical studies have not
shown positive results in a large number of patients.32
Stability of Open Bite Treatment
Surgical Stability
Open bite malocclusion has long been considered one of the most difficult problems
with regard to treatment and stability.55 Generally, the combined treatment approach of
orthodontics and surgery offers the best chance for successful and stable correction of the
deformity. A number of clinical studies have been conducted, testing open bite relapse in a
variety of surgical procedures. Fros in 1980 followed 13 open bite patients who had
superior maxillary repositioning. In all patients, at a mean follow-up of 19 months, no
significant differences were found between immediate post-operative cephalometric
78measurements and long-term values. Proffit also showed good stability of skeletal and
dental landmarks after the surgical correction of open bites. However, both of these
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studies were based upon data collected seven to 30 months post-surgery, and some patients
may have still been wearing orthodontic appliances.
Several studies have been conducted with longer follow-up periods. Lawry, et a179
examined the lateral cephalometric radiographs of 19 consecutively treated anterior open
bite patients with post-surgical observation ranging from 12 to 48 months. Their results
showed good vertical stability but less anteroposterior stability.
Of the studies that show anterior open bite relapse occurring in post-surgical
correction, the cause of the relapse and the movements that contribute to the relapse are
often unclear and inconsistent. Denison, et also compared a group of 28 patients who
received maxillary surgery for anterior open bite correction with a group who did not have
a pre-treatment open bite. Every patient was examined at least one year after appliance
removal. They found that six of the 28 patients who exhibited an open bite initially
(21.4%), relapsed to a negative overbite post-treatment. No significant changes were
observed in the group who had a positive overbite initially. Denison and coworkers
explained this difference in treatment response by citing a variance in orofacial musculature.
They suggested that tongue posture may have been the etiology of the pre-treatment open
bite, and it may have been the factor causing the return of the open bite post-treatment.
This explanation was also given in another study which examined four anterior open bite
relapse patients out of 40 total who had correction via LeFort I osteotomy,sl Three out of
four relapses occurred at least 15 months after surgery. Due to the late occurrence of
relapse, latent long acting etiologic factors were held responsible. Two of these cases
showed late upward movement of the maxilla anteriorly, due possibly from poor bone
contact, telescoping of the LeFort I osteomy, or inadequate support of thin bone in the area.
These operative reasons, however, were discounted due to the late occurrence of the
relapse.
In a one-year post-operative stability study, McCance and coworkers82 examined
the surgical correction of 11 Class III and 10 Class II patients who had anterior open bites
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pre-operatively. The investigators failed to find a consistent pattern in the actual
movements achieved in either group of patients in the maxilla or mandible. Both the
anteroposterior and vertical correction showed an unpredictable pattern of relapse, with
some cases remaining stable, others not. On average, the overbites in the Class III patients
increased from -6 mm to +3.1 mm post-operatively and this relapsed at the one-year
follow-up to +2.4 mm. On the other hand, the average Class II patient’s overbite was
increased from -4.6 to -1.6 mm and this remained stable at the one-year stage. Despite
these averages, no consistent patterns of relapse or stability were shown, nor were any pre-
treatment or treatment indicators for successful outcomes given.
Orthodontic Stability
Currently, many insurance carriers are not covering orthognathic surgical
procedures as much as they did in the past. Unfortunately, this change in policy has forced
many patients and clinicians to disregard surgical options for treatment and to attempt
correction of the open bite skeletal deformity by orthodontics alone. The primary
opposition to this modality of treatment is that it is both difficult to treat anterior open bite
solely with orthodontics and that stability is compromised. Improper orthodontic treatment
of anterior open bites may exaggerate the inherent deformity especially if the maxillary and
mandibular occlusal planes are divergent anteriorly and uncontrolled leveling is
administered, flattening the upper plane and increasing the divergence. Also, the posterior
extrusion that could occur by uncontrolled mechanics has the effect of hinging open the
mandible and increasing the divergence. This increase in vertical dimension may alter
tongue positioning during the swallowing reflex, compromising the open bite correction
and its stability.83
Only a few studies analyzing the stability of orthodontic anterior open bite
correction exist within the literature. Before these studies were conducted, many published
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references only dealt with clinical observations of relapse and the author’s general
subjective findings. Sassouni and Nandas6 recognized that vertical extrusion of incisors to
close the bite commonly relapses. This statement, however, was supported by the authors’
experiences without the benefit of specific clinical tests.
In 1974 a study by Nemeth and Isaacson4 sought to show that changes in vertical
jaw relation produced by mandibular rotation after orthodontic treatment can contribute to
vertical anterior relapse. They selected 13 patients with noticeable relapse after orthodontic
correction with a follow-up period ranging from one to six years. The amount of anterior
vertical relapse ranged from 0.25 to 7 mm during the post-retention interval. These patients
were compared to 13 patients suffering from anterior deep overbite relapse with regard to
anterior and posterior tooth eruption and axial inclination change as well as PFH change
and mandibular growth rotation. The open bite relapse subjects showed a larger combined
sutural and alveolar growth of the maxilla and alveolar growth of the mandible than PFH
increase. This was in contrast to the deep overbite relapse cases which showed the exact
opposite. Also, the authors showed that the open bite relapse patients exhibited backward
mandibular growth rotation as a part of their relapse. This was explained by noting that the
distance from the maxillary first molar to the sella-nasion (S-N) plane increased during the
post-treatment interval, contributing to the backward rotation of the mandible. However,
one cannot make the generalization that "relapse of open bite treatment is a result .of down-
and-back mandibular growth rotation" since the authors did not compare the relapse
patients to a similar control group of orthodonticaiiy corrected open bite patients who
exhibited no relapse.
Another study, conducted by Lopez-Gavito, et al, 8 examined open bite relapse in a
group of 41 Caucasians with no confirmed habits at least nine years after the completion of
retention. They found 36% of the cases studied exhibited anterior open bite relapse of
more than 3 mm. One objective of the study was to explore for the presence of pre-
treatment and post-treatment indicators that might be predictive of an unstable outcome. No
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skeletal or dental parameters were found to be statistically reliable in predicting furore open
bite stability; only the moderately small pre-treatment mandibular anterior dental height of
the relapse group differentiated stable cases from those that were likely to relapse. Even
though there were no other statistically significant pre-treatment indicators for stability
found in the study, several morphologic characteristics of the relapse subgroup were
prevalent. The open bite relapse group generally had decreased upper anterior facial height,
greater lower anterior facial height and less posterior facial height than the stable group
across time. However, these were simply trends. No single cephalometric parameter
proved to be a reliable predictor of post-treatment stability.
One problem with this study was the particular manner in which the open bite was
measured. On the pre-treatment lateral cephalometric radiograph the authors labeled a
subject as an open bite by measuring "the linear distance from the incisal edge of the most
anterior mandibular incisor to the contact point of the opposing hard tissue structure
projected along the long axis of the mandibular incisor.’’aS If this distance was greater than
three millimeters, the case was deemed an open bite. The problem with this technique is
that it is not always a reliable means for defining open bite malocclusion. A measure over
three millimeters could also be observed in a deep bite case with a large anteroposterior
discrepancy. In testing for relapse, this method is also problematic, since sagittal changes
and changes in incisor inclination can cause this measurement to increase or decrease
without corresponding changes in overbite.
Huang, et al,86 in a 1990 anterior open mt staumty study, measured the
malocclusion differently than Lopez-Gavito. To reduce the amount that the horizontal
relationship affects the measurement, Huang and colleagues defined open bite as the
distance from incisal edges of upper and lower incisors on a lateral cephalometric
radiograph measured perpendicular to a line drawn from nasion to menton (N-Me). Unlike
the previous study, this study investigated the stability of open bites treated with tongue
cribs. In a total group of 33 anterior open bite patients receiving tongue cribs, 21 patients
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also received fixed orthodontic therapy to finish treatment. Allof the patients had a lateral
head film taken at pre-treatment (T1), immediate post-treatment (T2) and a minimum of one
year after appliance removal (T3). There were no differences detected in the patients who
were treated with crib therapy alone and those treated with both conventional orthodontics
and crib therapy, so both groups were treated as one. The patients were then divided into
growers (26) and non-growers (7). In both groups, a significant increase in overbite was
found between T1 and T2, and this increase in overbite was still evident among the non-
growers between T2 and T3. For this reason it was decided that stability should be studied
in the growing group, but only among the cases that were successfully treated (positive
overbite was achieved). Of these 23 growing patients who were treated successfully, all
maintained a positive overbite at T3. Relapse was then defined as patients having zero
incisor contact at T3 as well as having a decrease of more than 0.5 nun in overbite from T2
to T3. Using this definition, only four patients relapsed (17.4%). This low incidence of
relapse cannot be directly compared to the 36% relapse found in the Lopez-Gavito studys
for two reasons" (1) the measurement of open bite was different in both studies, and (2)
patients with confirmed habits were not included in the Lopez-Gavito study. No predictors
for open bite relapse were found in this study either. However, due to the small proportion
of patients exhibiting relapse, it was difficult to determine any meaningful correlations.
Overall, the results of their study suggested that patients who achieve a positive overbite
with crib therapy have a good chance of maintaining this correction after orthodontic
treatment is completed.
Predictors of Stability
The ability to be able to predict the prognosis of open bite treatment with regard to
stability is of great importance to clinicians. Several of the aforementioned studies
attempted to find some predictor that would be crucial in determining which open bite cases
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were prone to relapse, but generally the results have not been significant. Katsaros &
Berg7 studied 20 open bite subjects treated with the Edgewise appliance and attempted to
trace predictive cephalometric measurements. They examined pre-treatment (T1), post-
treatment (T2) and more than one year post-retention (T3) lateral head films. Like Huang,
et ala6 overbite was obtained as the distance from upper and lower incisal edge measured
perpendicular to N-Me line. In comparing T1 to T2 values, the authors labeled 15 of the
subjects as "successful treatment" and five cases as "unsuccessful" (open bite was not
closed). In all subjects (N 20) there was a significant reduction of open bite from T 1 to
T2 as well as no significant difference found between T2 and T3 (denoting a stable
treatment population). Since the sample showed an overall stable result, it was impossible
to find a cephalometric predictor that would dictate a stable outcome. However, when
comparing the "successful" cases (15) to the "unsuccessful" cases (5), a significantly
greater facial convexity, amount of overjet and ratio between upper and lower anterior face
heights were found in the "successful" cases at T1. Also, a 73% correlation was found
between the amount of overbite reduction and facial convexity at T1. This finding supports
the notion that cases with an increased facial convexity, in which the uprighting of the
incisors is possible, seems to have a favorable treatment prognosis.
Prognosis and Prediction
The prognosis for successm correction of ..,.,e. defo.nrnStie is cegain!y
valuable information. Several authors have analyzed anterior open bite deformity with the
purpose of detailing overall prognosis of treatment as well as offering specific prognostic
indicators for successful correction. Sassouni and Nanda56 in 1964 stated that the dental
open bite has a better prognosis for correction than a skeletal open bite. They discussed
many factors affecting the prognosis of skeletal open bite correction, differentiating Class II
from Class III open bites. Sassouni listed the Class II open bite as having the best
31
prognosis for correction, due to the specific treatment objectives desired for this type of
deformity. Rotating the mandible closed using extraoral mechanics serves to lower the
premaxilla and reduce the retrognathia. Both serve to acheive the favorable treatment
objectives for this type of case. On the other hand, the skeletal Class III open bite
malocclusion is "one of the least successfully treated by orthodontic means’’s6 and is
viewed as having the poorest prognosis. Open bite correction by forward mandibular
rotation, will increase the prognathism, which is contraindicated in Class III patients.
Conversely, if the prognathism is corrected by backward mandibular rotation, the open bite
worsens. These Class III open bite patients, Sassouni concluded, are best handled
surgically.
Key prognostic indicators have long been sought to help predict the results of open
bite treatment. As previously mentioned, Nahoum suggested that the ratio of upper anterior
face height to lower anterior face height (UFH/LFH) could be used to indicate the severity
of the vertical dysplasia and aid in predicting the prognosis for orthodontic correction.6
Nahoum showed case reports of eight open bite patients corrected orthodontically and
related their treatment results to their pretreatment ratios. He found that the chances for
success decreased with an increase in the degree of the patient’s facial dysplasia and an
increase in the number of teeth involved in the open bite. The amount of interincisal
opening was not found to be a critical factor in the rate of closure. However, Nahoum
failed to test his prognostic ratio statistically, and the clear definition of a successful
outcome was not stated.
Dung & Smith8 took Nahoum’s ratio as well as six other common cephalometric
indicators of "open bite tendency" and tested them on a random sample of 300 patients to
see if the indicators correlated with an actual open bite. The cephalometric features
commonly believed to be indicative of an open bite were taken from the myriad of open bite
morphologic studies mentioned previously. These features included:
(1) Mandibular plane angle to S-N
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(2) Occlusal plane angle to mandibular plane
(3) Palatal plane to mandibular plane angle
(4) Anterior open bite
(5) Jarabak’s ratio (PFH/AFH)9
(6) Nahoum’s ratio
(7) Kim’s calculated overbite depth indicator9
The investigators also examined 50 patients with anterior open bite and tested for the
presence of the seven different cephalometric indicators. In 164 of the original 300 patients
selected, the treating clinicians reported whether or not they encountered problems with an
open bite tendency, and these results were compared with the individual cephalometric
values.
The results of the comparisons were varied. The authors had concluded through
literature review that most clinicians believe that a mandibular plane angle (MPA) of 40 or
higher is indicative of an open bite tendency; but in the 50 open bite patients sampled, only
18 patients (36%) had MPA’s greater than 40.
Nahoum’s ratio fared only slightly better. Of the 50 open bite patients selected, only
19 patients (38%) had an UFH/LFH of less than 0.70, the value that Nahoum delineated as
having an open bite. Similarly, of the 50 patients selected with an UFHILFH of less than
0.70, only 15 (30%) actually had an open bite. In summary, Dung & Smith found that
most of the common cephalometric characteristics used to diagnose "open bite tendency"
were not reliable predictors of an actual open -: " "
-
,,,-o,o,,. oeutc nor were ue,enua,e v
treatment response.
The best cephalometric predictor of an existant open bite in Dung & Smith’s study
was Kim’s overbite depth indicator (ODI).9 The ODI is defined as the angle of the A-B
plane to the mandibular plane combined with the angle of the palatal plane to Frankfort
horizontal. If the palatal plane angle is negative, it is subtracted from the other angle; if
instead the palatal plane angle is positive, it is added to the other angle. Lower values of
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ODI indicate a more significant open bite tendency. Kim reported a mean ODI of 74.5
degrees and a standard deviation of 6.07 degrees for a sample with normal occlusions.9
He found that the ODI had the highest correlation to actual overbite depth when compared
with other cephalometric measurements in the malocclusion group. In Dung & Smith’s
study,as an ODI of 68 degrees or less (one standard deviation below the mean) was used as
an indication of open bite tendency. Of the 50 open bite patients, 31 (62%) had ODI values
of less than 68 degrees, meeting the established criterion for an open bite tendency,s8 Dung
& Smith concluded that this value seemed to be a better predictor of open bite than any
other cephalometric measurement tested (excluding open bite incidence). The ODI and the
presence of the open bite were the only statistically significant predictors of treatment
response in the 164 treated patients.8s Measurements such as mandibular plane angle,
UFH/LFH and Jarabak ratio (PFH/AFH) did not adequately predict treatment response nor
did they serve as good prognostic indicators of anterior open bite.
Similar results were found in a very recently published study by Pae, et al. 91 They
used three of the same open bite indicators as Dung & Smith (SNMP > 40, PPMP > 32,
and OPMP > 22) and they found no difference in magnitude of overbite between subjects
exibiting these features and those who did not.
Dung & Smith commented that the poor results they had with correlating the five
cephalometric features to open bite tendencies may hve been due to the wrong choice of
cephalometric variables. They felt that a large part of diagnosing an open bite tendency
-1depended on predicting wneter tn rr,andi,e would ,-.,,oo down and back during treatment
or growth. This focuses on the developmental etiologic basis for the malocclusion. In
other words, perhaps it is not the static features that are critical to open bite diagnosis;
rather, it may be the growth pattern that matters most. A potentially better guide to assess
open bite tendency and to predict treatment response, they hypothesized, might be
Bjork’ S14 seven cephalometric features of abnormal growth rotation. Specifically these are"
(1) Inclination of the condylar neck
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(2) Curvature of the mandibular canal
(3) Shape of the lower border of the mandible
(4) Inclination of the symphysis
(5) Interincisal angle
(6) Intermolar angle
(7) Anterior lower face height
Pearson,92 in a commentary on tongue crib open bite treatment, also suggested the
use of Bjork’s seven structural signs to predict skeletal open bite tendency from a single
head film. These morphologic features, once objectively measured, might aid in the
diagnosis of open bite tendency and in the prediction of treatment response.
Prediction of Mandibular Rotation
The ability to predict facial growth direction, both horizontally and vertically, is a
coveted clinical skill. Many orthodontists believe that an accurate prediction of future
dentofacial growth would be a very valuable contribution to a patient’s treatment plan. It
would allow the clinician to make decisions about treatment that best suit the individual’s
predicted growth pattern. For example, Schudy67 gave treatment recommendations for
short faced or "hypodivergent" individuals versus the long faced or "hyperdivergent"
individuals. He generalized that in the hyperdivergent patients, both vertical extrusion and
distal movement of maxillary molars should be avoided due to the potential for increase in
vertical dimension. Yet Schudy made no comment on prediction of vertical facial.
development. In fact, in a later paper, he concluded thatthe magnitude of overbite is not
well correlated to most measurements in the human head. He felt that the most dependable
measure to ascertain future bite opening was the quantity of vertical facial growth occurring
before treatment.9
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Mandibular Growth Rotation
The concept of mandibular growth rotation must be included in any discussion of
vertical facial development. Before the 1960’ s, it was thought that only a small amount of
rotation occured. It is now known that mandibular bony surface remodeling masks a larger
amount of rotation.94 With the use of metallic implants, Bjork and Skieller9 followed more
than 100 patients longitudinally, taking annual lateral cephalograms over a period of about
25 years. They analyzed both normal and abnormal growth and rotation of the mandible.
Their findings shed some light on the puzzle of vertical development and introduced some
new terminology to the field of mandibular rotation. The core of the mandible, the center
region of bone surrounding the inferior alveolar neurovascular bundle, was represented and
visualized in Bjork’s study as the line connecting the two implants. One could witness the
"total rotation" of the mandible, or the rotation that occurs in the core by superimposing
two lateral cephalograms on stable anterior cranial base structures and viewing change in
the implant line. Observable rotation of the mandible over time is usually quantified by by
the change in the mandibular plane in relation to the cranial base. Bjork and Skieller termed
this "matrix rotation." Finally, when one superimposes cephalograms on the implant line
or some stable mandibular structures, surface changes or bony remodeling of the mandible
can be measured. This rotation was called "intramatix rotation."
In the longitudinal examination of normally growing patients, Bjork and Skieller
found that the average patient’s implant line or "total rotation" grew forggard about -! 5
from the age of four to adult. However, in this time period, the mandibular plane angle
only decreased approximately 3 to 4 ("matrix rotation"). Thus, the "total rotation" that
occurred in the core of the mandible was masked by surface remodeling and angular
changes that occurred in the lower border. This "intramatrix rotation" contributed to an
average of about 11 to 12 of backward or downward rotation in normal subjects. This
normal remodeling usually takes the form of resorption at the gonial angle of the mandible
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and apposition at the lower border of the symphysis. In sum, there was about 15 of total
forward rotation, and 11 to 12 of "intramatrix" backward rotation. This resulted in the 3
to 4 decrease in mandibular plane angle that was observed in normal patients from
childhood to adulthood.96
The three components of mandibular rotation apply in both forward and backward
rotating growth patterns. Backward rotating patients are less common then forward
rotating patients and are less numerous in Bjork’s implant sample.4 The difference
between the backward rotators and other subjects is the type of rotation that dominates. In
backward rotators, there is a lack of the normal forward core "total rotation." Also, either
matrix or intramatrix backward rotation could disproportionately dominate, contributing to
the overall increase in anterior facial height, the increase in mandibular plane angle and the
general long face vertical development seen in the backward rotator.9
Prediction of Future Vertical Growth
The prediction of future vertical growth pattern, in the form of forward or backward
mandibular rotation, has been the topic of numerous studies. As mentioned earlier, Bjork
offered seven structural features, based upon his longitudinal implant studies, that would
allow the clinician to examine a single head film and determine if the patient would rotate
forward or backward with growth.4 Bjork stated that these seven predictors were not well
developed or reliable before puberty and ’- num,er of*’
-
.,- .,.,.a,.m,-tllitt a greater " Lilt,, IUIIVYY 111 ./l,.
would produce a more reliable prediction. (1) Extreme cases of future backward rotation
could be predicted by a posteriorly directed condylar head. Yet Bjork admitted that proper
identification of the condyle on a cephalogram is difficult at best. (2) An obtuse mandibular
canal could also be a sign of a backward rotator and the canal could even be straight or
curve in the opposite direction in pathologic cases. (3) The morphology of the lower
border of the mandible could forecast furore extreme vertical development. Bjork stated
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that in backward rotators as opposed to forward rotators, the "anterior rounding [of the
inferior border of the mandible] is absent and the cortical layer is thin, while the lower
contour at the jaw angle is convex.’’4 (4) The inclination of the symphysis was also a
characteristic feature in backward rotators because the symphysis is swung back, with the
patient revealing a receding chin. Often in vertical growers the symphysis is thin and of
considerable height.9 (5) and (6) Both the interincisal and intermolar angles were
presented as valuable keys to determining forward or backward mandibular rotation; both
angles tended to decrease when rotation was directed backward. 4’ 95 (7) Finally, the
patient’s lower face height (LFH) could also be predictive of future mandibular growth
rotation, with a long ANS-Me distance typifying a potential backward rotator.
Bjork did not include the inclination of the lower border of the mandible among his
seven structural signs. TM Even though mandibular plane angle (MPA) is quite ubiquitous in
many cephalometric analyses, Bjork felt that its’ usefulness in predicting future mandibular
rotation was limited. This fact was exemplified in a study using the MPA as a predictor for
future bite opening. Lulla and Gianelly97 observed 47 patients in treatment within a three to
four month period who required bite opening procedures. They tested the correlation
between the original MPA and the change in overbite. They expected to see that patients
with steeper original MPA’s show a greater bite opening with treatment due to clockwise or
backward rotation of the mandible. However, only two statistically significant correlations
were found: the original MPA to the anteroposterior position Of pogonion, and the change
in MPA to the change in anteroposterior position of pogonion. uc authors -’"
correlation’s weak at best; the original mandibular plane inclination seemingly had nothing
to do with the change of overbite in the sample. Yet, the authors did not reveal the range of
MPA’s in the 47 treated patients. It would be expected, since the treatment objective in all
of the patients was to open the bite, that the initial MPA’s were probably low and the lack
Of patients with high MPA’s may have given the unexpected results. This study further
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supports Bjork’s contention that the MPA should not be used in the prediction of furore bite
opening or backward mandibular rotation.
Even though Bjork originally expressed the opinion that the inclination of the
mandibular plane was not a reliable predictor of future growth rotation, SMeller and Bjork
several years later suggested that mandibular inclination could indeed be useful in
prognostication.9 From the longitudinal Bjork implant sample, 21 patients were selected
over a six year period and actual mandibular growth rotation was determined. Many
cephalometric features were measured on the original film, including MPA. Through
multiple regression analysis, Skieller was able to find the cephalometric variables that had
the best predictive power to forecast furore mandibular rotation. She found that 86% of the
variability in the direction of mandibular growth could be explained by four variables: (1)
mandibular inclination, (2) intermolar angle, (3) shape of the lower border of the mandible,
and (4) symphysis inclination.
Mandibular inclination explained nearly 60% of the growth rotation variability and
could be delineated in one of three ways: (a) by "Index I" or the ratio of PFH to AFH
(Jarabak ratio), (b) by the gonial angle, or (c) by the mandibular plane angle. The
remaining variables influencing prediction of rotation were three of Bjork’s seven structural
signs of mandibular rotation. 14 The intermolar angle explained 39% of the variability in the
observed mandibular growth rotation. The shape of the lower border of the mandible,
accounting for 27% of the variability alone, was quantified as the angle between the two
mandibular lines (MLi-ML2). ]Vi-’Li was previously -’- -’- " * ’"ucscliueu as a tanNent to ,,,.,
border of the mandible, similar to the classical anthropological method of placing a dried
mandible on a table or goniometer.95 ML2 was drawn with the same posterior reference
point as ML1, but the anterior reference point was the lower border of the symphysis.
Finally, the inclination of the symphysis alone accounted for 38% of the observed
mandibular rotation. Skieller quantified this structural sign as the posterior angle formed
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by S-N line and "chin-line", a tangent to the anterior aspect of the chin.98 More obtuse
angles were characteristic of forward rotators, and more acute angles, backward rotators.
The four remaining Bjork structural signs of mandibular rotation were only briefly
mentioned at the end of the paper. Lower face height, delineated as the ratio of upper to
lower face height (or Index IV), was of mild to moderate importance in predicting growth
rotation and was more closely correlated to overbite. Interincisal angle was not included in
Skeiller’s analysis. Further, the inclination of the mandibular canal and the inclination of
the condylar head were also not included in the analysis, possibly due to their inherent
qualitative nature.
The relatively high predictive power (86%) of these four combined variables was
admittedly tempered by the fact that Skieller’s sample of 21 subjects included more cases
with extreme growth patterns and severe malocclusions than a random sample. However,
she explains that her analysis helps to comprehend the interaction between different
morphologic features in extreme forward or backward rotators.
In the same month, Baumrind, et a199 published data that showed the inherent
difficulties of successful prediction of mandibular rotation. In a sample of 32 backward
and 32 forward rotator subjects, the authors asked a panel of five "expert" judges to predict
which subject belonged to which group based upon pre-treatment head films. None of the
judges performed at a level that was statistically better than chance alone in the prediction of
future backward rotation. The judges did have some common set of roles in delineating
backward from forward rotators because t’nere was a high order of agreement among the
investigators. However, these roles were relatively ineffective since no judge performed
significantly better than chance. Finally, the authors assessed a series of standard
cephalometric measurements to determine if any values classified backward rotators as well
or better than the judges. The authors found six measurements that fit this criteria, but
again this numerical data, taken individually or together, failed to identify potential
backward rotators at a rate better than chance alone. Interincisal angle was one of the
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measurements found to classify backward rotators as accurately as the judges’ prediction.
Strangely, the authors contended that higher angles were more useful in predicting
backward rotation, which contradicts Bjork’s findings. TM However, this measurement, like
the other measurements found in this sample, was not able to predict backward rotation at a
statistically significant level.99
Another similar study investigating the predictive power of Bjork’s structural signs
of mandibular growth rotation was completed a year earlier. This study by Ari-Viro and
Wisth was probably the most comprehensive investigation to date of the Bjork
predictors. The authors’ sample was composed of 42 children on whom a lateral
cephalogram was taken initially and four years later. All the children required no
orthodontic treatment during this interval and all were at the same maturity level as
determined by their individual hand-wrist films. So, like the Baumrind study,99
mandibular growth rotation was quantified and initial films were given to eleven
investigators in order to predict future forward or backward rotation. The investigators
were seven graduate orthodontic students and four experienced orthodontists. All were
instructed to use a variation of the original seven Bjork predictors in their analysis.
Interincisal and intermolar angles were not used and instead gonial angle size was used as
the sixth predictor, measured via Odegaard’s method,1 This modified evaluation of
Bjork’s structural signs of mandibular growth rotation was used commonly at the
University of Bergen where the study took place. Films evaluated for backward or
forward rotation, individually based upon the six Bjork criteria, were ranked on a seven-
point scale.
The study showed acceptable intra- and interexaminer reliablility, indicating that
Bjork’s structural signs were well defined. However, very low correlations were found
between the mean ranked score of the individual modified Bjork predictors and the extent
of the actual growth rotation. The authors stressed that this finding did not indicate that the
Bjork structural method was useless in its’ ability to predict future mandibular growth
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rotation. The use of an average sample in their analysis could explain these results. In the
Ari-Viro and Wisth sample, only one patient exhibited true backward mandibular rotation
and the average rotation was forward by 3.5.m Also this sample of patients did not
require orthodontic treatment, indicating a population with little or no malocclusion.
Bjork’s original sample contained patients with more significant malocclusion.4 The
difference in sample characteristics could very well explain the significant differences
existing between these two studies and the dissimilar predictive power of Bjork’s structural
signs.
Another study showing the difficulty in predicting mandibular rotation was
conducted a few years later. 02 The four variables found to be highly predictive of future
mandibular rotation in Skieller’s sample98 were tested again in another implant sample
population composed of less severe facial types and malocclusions. Lee, et al2 measured
the same cephalometric variables as Skieller on 25 subjects. These subjects had implants
but were on average younger than the patients in Skieller’s sample. Several patients in the
sample did have orthodontic treatment, unlike the Skieller-Bjork sample. However, the
authors felt justified in their inclusion since it was felt that any predictive method whose.
effectiveness is obviated by treatment would have little clinical significance. In the extreme
SMeller sample, 86% of the variability in change of mandibular rotation could be
explained.9s In the Lee average sample only 8% of the variability could be explained using
the same four variables over a comparable time interval. Lee, et al felt that those four
variables taken in comNnation were much less "*" *:--"cnCuvc in predicting ,,.a.,,.,.,,.a .,,t;,,, in
their average patient sample. This again concurs with Skieller’s comment that in a sample
of less extreme patients it might be more difficult to predict mandibular rotation via her
methodology. This finding by Lee, et al also supports Ari-Viro and Wisth’s results that
the Bjork structural signs of mandibular growth rotation may not be accurate in predicting
future rotation in a non-extreme sample.
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RATIONALE
Based on current knowledge, one could make the assumption that patients with
more severe malocclusion and more extreme facial types, like those with anterior open bite
malocclusion, have a greater tendency for backward mandibular rotation. It is this
tendency for backward mandibular rotation that prompted Dung and Smithas to comment on
the weaknesses of commonly used open bite cephalometric variables. Measurements such
as mandibular plane angle, for example, have a low correlation with the magnitude of
dental overbite67’ 93 SO perhaps other variables should be used in the diagnosis of open bite.
The features used by Bjork14 to predict backward mandibular rotation may be better used to
predict open bite tendency and treatment response. Bjork himself remarked that bite
opening in backward rotators was difficult to prevent. TM
The seven Bjork features, taken together as one, are regularly implicated as critical
factors associated with vertical dimension control. Often, clinicians will do "spot"
diagnoses and growth predictions of their patients, dividing them into "long-faced" or
"short-faced" groups. This differentiation is based upon subjective assessments of skeletal
and facial morphology. Those patients delineated as "long-faced" individuals are generally
regarded as being more difficult to control in the area of vertical dimension. From a clinical
viewpoint, the most important facet in vertical dimension control is the control of incisal
overbite. For a patient with an anterior open bite, an increase in the vertical dimension
through growfla or treatment makes the open bite more tlllllCiil to cuct. ,, vc,,,,,
dimension is not controlled in those patients deemed to be backward mandibular rotators,
open bite correction will be inherently more difficult due to a greater distance of tooth
movement needed to close the open bite (Fig. 1). To date, all of Bjork’s seven structural
signs of backward mandibular rotation have never been collectively and objectively
measured. Analysis of these signs may lead to a better understanding of anterior open bite
malocclusion, both in diagnosis and prediction of treatment response. In particular, it is
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hypothesized that the two groups of backward and forward rotators will have skeletal
features characteristic of their individual overbite. Those with shallow to open bites are
predicted to display features denoting down and backward rotation and those with deep
bites are predicted to display features denoting a more horizontal, forward rotation.
SIGNIFICANCE
The studies by Bjork and colleagues remain as classic literature pertaining to the
role of facial, growth in orthodontic diagnosis and treatment. The vertical growth pattern of
patients with anterior open bites may be critically important.in prognosis for success of
orthodontic treatment. Elucidating the relationship between factors shown by Bjork to be
associated with a vertical growth pattern and the presence of anterior open bite may aid in
the differential diagnosis of anterior open bites. Refinements in the differential diagnosis of
anterior open bites may improve the ability of clinicians to predict the outcome of treatment.
DIFFICULTIES
In any population, anterior open bites are comparatively rare malocclusions, and
therefore a large sample will need to be secured to select an adequate sample size.
Additionally, the effect of treatment on the growth pattern will not be considered. In other
uctc-m,,, of the poorwords, poor treatment planning or execution may be a major ""
treatment outcome as opposed to the presence of structural features associated with the
direction of mandibular growth rotation.
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GENERAL, OBJECTIVES
The present study will examine a number of questions regarding the use of Bjork’s
seven structural features of mandibular rotation (from here on referred to as "Bjork
predictors") in the diagnosis of open bite tendency, and treatment response. These
predictors will be labeled "forward" if the features are representative of forward mandibular
rotation and "backward" if the features are representative of backward mandibular rotation.
The pertinate question are:
(1) Can the Bjork predictors be objectively quantified?
(2) Can the Bjork predictors be used to indicate the magnitude of overbite?
(3) Can the Bjork predictors be used to enhance the prognosis anterior open bite
treatment?
SPECIFIC AIMS
The specific aims of this study are:
(1) To devise a method to reliably quantify the seven Bjork structural signs of mandibular
growth rotation.
(2) To determine if there is a difference in the measurements of the Bjork predictors
between a group of open bite patients, a group of deep overbite patients, and a group of
average overbite patients.
(3) To evaluate the predictive association between the Bjork predictors and the outcome of
orthodontic treatment for an anterior open bite. Outcome is to be evaluated by the amount
of open bite correction as well as an evaluation of factors plausibly associated with
increased treatment difficulty.
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MATERIALS AND METHOD
The present study was retrospective in nature. The records were selected from both
inactive and active patients receiving treatment at the University of Connecticut Department
of Orthodontics.
Part I-Sample Selection
The first part of the study was to determine the distribution of overbite in a random
sample of subjects seeking orthodontic treatment. A complete list of 1503 active, retention
and recently inactivated patiems was randomized and the initial lateral cephalogram from the
first 300 patient records on the list was located. Charts were pulled from the active and
inactive chart areas in order from the random list. If a record could not be located, the
investigator skipped the missing chart and proceeded to the next name on the list. This
continued until 300 initial:lateral cephalograms were gathered.
Lateral cephalograms were excluded from the study if:
(1) the posterior teeth were not in occlusion, or were not present
(2) there was any sign of incisor fracture or incisor restoration
(3) the lateral cephalogram was unreadable
(4) the patient was wearing appliances
t5 ,,e pa,,,, from a
All other initial lateral cephalograms were included in the study.
Incisal overbite was measured by one investigator on each of the 300 random
cephalograms. This was done by hand, using a one millimeter lead pencil on tracing paper,
and the measurement was made using a digital electronic caliper rounded to the nearest 0.01
mm.. The overbite was measured three different ways on the first 30 cephalograms to
determine if significant differences existed in measurement techniques. Incisal overbite
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was measured by calculating the distance between two lines drawn from the upper and
lower incisal edges: (1) perpendicular to a vertical plumb line, (2) perpendicular to Nasion-
Menton line, and (3) perpendicular to a bisected Down’s occlusal plane (Fig. 2). The
overbite of the first 30 random patients was also measured again by the same investigator at
a second sitting two weeks later in order to calculate measurement error. Of the three
methods used to measure overbite, the method that had the best reliability and the least error
was selected. This method of overbite measurement was chosen for the remaining 270
cephalograms and was used to measure overbite for the remainder of the study.
The frequency distribution of overbite was determined for the random sample of
300 patients. Based upon this frequency distribution, "cut-off’ values were chosen for
grouping open, average and deep bite subjects. This was accomplished by taking 10% of
either extreme tail of the distribution and +/- 5% of the mean overbite for the sample.
Thus, patients within the low 10% of the distribution were labeled as open bites, patients
within the top 10% of the-distribution were labeled as deep bites and patients within +/- 5%
of the mean 0verbite were labeled as average bites. However, the selection criterion for the
open bite group (low 10%) was set to maximize the open bite sample while remaining
within the "clinical limits" of an actual open bite, i.e., less than or equal to 0 mm. Power
analysis indicated that the sample size of each group (open, deep, and average) needed to
be approximately 60 patients, so roughly 30 more patient charts from each of the three
groups were located, all having the characteristic "cut-off’ overbite value derived from the
original frequency distribution. These extra 30 patients were included in each group,
bringing each group’s size to approximately sixty.
Part II-Measurement of Bjork Predictors
The second part of the study consisted of measuring the seven Bjork predictors on
each lateral cephalogram of the open, deep and average overbite groups in order to delineate
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the patients exhibiting backward and forward rotation. Several Bjork predictors were
measured directly off of the cephalogram, comprising the direct measurements, and several
were measured indirectly.
Direct Measurements
All of the direct measurements were measured by one investigator using a one
millimeter lead pencil. Linear values were measured with a digital caliper and angular
values were measured using a 3M UnitekTM cephalometric protractor. The Bjork predictors
interincisal angle, intermolar angle and anterior lower face height (LFH) were all measured
directly.
Interincisal and intermolar angles were measured as the inside angles formed by
lines drawn from the respective tooth’s long axis. LFH was measured as the distance
between two lines drawn from anterior nasal spine (ANS) and menton (Me) along a
perpendicular to a cranial base reference line (SN-7) (Fig. 3).
The shape of the lower border of the mandible was quantified by directly measuring
the antegonial notch depth as done by Singer, et al13 in 1987. This study showed that
patients with deeper antegonial notches had a more vertically directed mandibular growth
pattern while shallower antegonial notches were indicative of a forward directed growth
pattern (Fig. 4).
The morphology of the symphysis was directly measured three ways. The 111
way utilized Skieller’s method of measuring the angle between the "chin-line" and S-N: the
98more acute angles typified backward rotators and the more obtuse, forward rotators (Fig.
The second manner of directly measuring symphysis inclination was to Aki and
Nanda’s method of quantifying symphysis morphology.14 A large height, small depth,
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and a large height/depth ratio was found to be associated with a backward mandibular
rotation (Fig. 6).
The third method of morphology quantification was symphysis angle, measured as
the posterior-superior angle between lines Me-B point and the mandibular plane. Aki and
Nanda found smaller angles to be associated with backward rotator 104 (Fig. 7).
Indirect Measurements
Several of the Bjork predictors were subjective in nature so an indirect method of
measuring these predictors was devised. The inclination of the condyle and the curvature
of the mandibular canal, being the most subjective features, were only quantified using the
indirect method. The morphology of the lower border and the symphysis, also measured
directly, were also measured a second time via the indirect method. This was done to
determine if a difference existed in the direct and indirect measures. Finally, an "overall"
sense or a general gestalt of the growth pattern of the subject was measured by the indirect
method.
In order to convert these five subjective features into a continuous, quantified
measurement, a visual analog scale (VAS) was used. To coordinate this effort, all 186
cephalograms included in the open, deep and average overbite groups were scanned into
Quick Ceph Image ProTM using the three x-ray layer technique. Sections of the radiographs
of the condyle, mandibular canal, mandibular lower border and symphysis were
downloaded separately onto a Microsoft Power PointTM template. This was done so that
only the image of the individual Bjork predictor was captured, enabling the viewer to see
only that feature. For the overall gestalt the whole image was downloaded onto Microsoft
Power PointTM with the maxillary and mandibular dentition blocked-out. Great care was
afforded to ensure that only the individual feature was present on the screen.
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Next, the aforementioned VAS was utilized to quantify if the individual feature was
representative of a backward or forward rotator. This scale consisted of a horizontal 10 cm
line, with the left part of the line representing "backward rotator" and the fight part of the
line representing, "forward rotator" (Fig. 8). Three separate investigators examined each
of the five features (canal, condyle, border, symphysis and gestalt) on each patient and
placed a tick-mark on the VAS where they felt the feature belonged. For example, if the
investigator thought the feature was a hallmark of a backward rotating patient, they would
put the tick-mark closer to the left, if a forward rotating patient, to the right. In this
fashion, the features of 186 patients comprising a total of 930 images were scaled visually
by each of the three investigators. The Power Point images were carefully trimmed and
blocked-out so that only the individual feature was evident on the screen (Fig. 9-13). This
insured that the investigator was only measuring one of the seven predictors and that they
were blind to the magnitude of the subject’s overbite and other predictors to eliminate bias.
Also, all images were randomized and identified by the patient’s medical record number
only.
No previous interval training was conducted in order to facilitate consistent
measuring among the three investigators. All that was required was that the three
investigators had a good working knowledge of Bjork’s seven structural signs of
mandibular growth rotation. Each investigator was given a constructed six-page worksheet
to aid them in their VAS scoring. The worksheet was basically a pictorial summary of
Bjork’s i969 paper:4 depicting the two backward and forward rotating extremes ’ ^ "tlapcnu.x
III).
Part III-Bjork Predictors as Determinates of Overbite Magnitude
Direct and indirect measurements were made of the seven Bjork predictors, on the
186 open, deep, and average overbite patients. It was hypothesized that patients exhibiting
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an open bite would display more features of backward rotation and patients exhibiting a
deep bite would display more features of forward rotation. Thus the operational null
hypotheses for the third part of the study were:
(a) The mean measurement value for each of the Bjork predictors of the open bite group
equals the mean value for the deep bite and the average groups.
(b) The values of the Bjork predictors do not correlate with the magnitude of the overbite.
(c) The magnitude of overbite is independent of a multivariable regression sum total of
some or all of the Bjork predictors.
Part IV-Relationship Between Bjork Predictors and the Outcome of
Orthodontic Treatment for Anterior Open Bite
In the fourth part of the study a subsample of the anterior open bite patients was
selected--those with pre and post-treatment films. The inclusion criteria for this sample
included:
(1) patients with a pre-treatment (T1) and post-treatment (T2) lateral cephalogram of
readable quality
(2) patients initially presenting with an overbite of 0 mm or less
(3) comprehensive orthodontic treatment completed at the University of Connecticut
(4) post-treatment film was taken no more than six months before or after removal of
orthodontic appliances (including positioner).
The same exclusion criteria of the first random sample also applied to this open bite sample.
A total of 62 open bite patients met the above inclusion and exclusion criteria and a
"Bjork Total" was derived utilizing information gleaned from Part HI of the study. Since
the dimension, range and variation of each Bjork predictor was unique (e.g. interincisal
angle ranged from 85 to 180, while LFH ranged from 49.14 to 99.27 mm) each variable
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was standardized to a score of 0 to 100. Each measured value was converted to this
standardized score using the equation:
X’ 100/Range x (X-Minimum)
where X’ equaled the standardized score and X equaled the individual observation.
Using the Bjork score the subjects were divided into open bite patients exhibiting
forward rotating characteristics and patients displaying backward rotating characteristics.
The subjects were then matched for original open bite and age so that the only significant
difference between the groups was the backward versus forward Bjork score. In this
sample the association between the Bjork predictors and open bite treatment outcome was
established. This treatment outcome was measured a number of ways: measuring the
number of patients in each group who were ultimately treated by orthognathic surgery,
measuring the total length of treatment, measuring the final overbite achieved, measuring
the percentage correction from initial presentation to "ideal" which was 2 mm, and finally
by measuring mean total overbite correction. For this part of the study, overbite was
measured perpendicular to the patient’s Na-Me line. The decision was made to measure
overbite perpendicular to skeletal structures rather than using a perpendicular to a vertical
plumb line since T1 and T2 films were being compared and reliability of exact repeated
head posture was not confirmed between the two films.
It was hypothesized that greater treatment difficulty and worse treatment outcome
would be expected in patients exhibiting a lower Bjork score (patients showing more severe
backward Bjork predictors). This greater treatment difficulty could be represented by: a
case that was ultimately surgical, a case wherein a minimal change in open bite correction
occurred, or a case that had an increased overall treatment duration. It was anticipated that
the open bite patients with a greater number of structural features known to predict down
and backward mandibular rotation would inherently be more difficult to treat by orthodontic
means, with the skeletal dysplasia providing a formidable blockade against closure of the
anterior open bite.
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Thus, the operational null hypotheses for the fourth part of the study were:
(a) The magnitude of percentage correction of anterior open bite was independent of the
magnitude of the Bjork predictors taken in sum.
(b) Treatment difficulty was independent of the magnitude of the Bjork predictors taken in
sum.
Statistical Analysis
Associations between different methods of overbite measurement were analyzed
using Pearson’s correlation coefficients. Error between repeated measurements was
evaluated using Dahlberg’s formula,ls Differences in individual direct and indirect mean
measurements between open, average and deep overbite groups were found using ANOVA
tests and specific between-group differences were examined using ad hoc t-tests. The
alpha error probability for these ad hoc two-tailed t-tests were Bonferroni corrected at a p <
0.017 level of significance for comparing three groups. All other student’s t-tests for
comparing two group means were set at a p < 0.05 level of significance. This included the
t-tests used to compare the T2 results between the forward rotating versus the backward
rotating open bite groups in the fourth part of the study. These t-tests were one-tailed
because the original hypothesis was that measures of final overbite correction would be less
in the backward group than in the forward rotating group, showing treatment as being
inherently more difficult within this group.
Stepwise multivariable regression was performed with overbite as the dependent
variable and the direct and indirect Bjork measures serving as the independent variables.
Independent variables were dropped in a stepwise fashion until all remaining variables had
a significance level of p < 0.05. The degree of variability of the dependent variable
explained by the remaining independent variables was then calculated by the regression
equation. Again Pearson correlation coefficients between all independent variables were
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calculated in order to verify the lack of significant association between these individual
variables within the regression equation.
Finally, in part IV of the study, chi-square test was used in order to distinguish
between the observed and expected values for the number of patients receiving or requiring
surgery in the backward versus forward rotator groups. When the dichotomous variable of
surgical correction was taken out, a Fisher exact test was performed in order to determine
the difference between observed and expected values of ranked outcome scores of final
overbite inthe forward versus backward rotators.
RESULTS
Part I-Sample Selection and Overbite Measurement Method
Overbite was measured three different ways on the first 30 of the original 299
random cephalograms to see which method had the best reliability and the least error. The
overbite was measured perpendicular to a vertical plumb line, perpendicular to Nasion-
Menton line and perpendicular to a bisected Down’s occlusal plane. All three of these were
measured again at another sitting on the same 30 radiographs to calculate error.
All three methods had high correlations (0.98) to each other and had high
correlations to repeated measurements taken at different times. Measuring overbite
perpendicular to a vertical plumb line had the least error, and was chosen as the method
used for the rest of the overbite measurements (Table 1-2).
The overall frequency distribution of overbite in the random sample of 299 patients
was calculated and based upon that distribution, cut-offs for selection of further open,
average and deep bite subjects were derived (Table 3). The mean overbite for the sample
was 4 mm +/- 2.89. The 10% cut-off of the open bite group included overbites less than or
equal to zero mm, the 10% cut-off of the deep bite group was overbites greater than or
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equal to 7 mm, and the +/- 5% around the mean for the average group were patients
between 3.5 and 4.25 mm overbite (Fig. 14).
Approximately 30 more patients per group possessing the characteristic overbites
were included, achieving a final N of 186. The overbite group comprised 59 subjects all
with overbites less than or equal to 0 mm, the average overbite group consisted of 65
patients with overbites between 3.75 to 4.25 mm, and the deep bite group included 62
subjects with overbites greater than or equal to 7 mm (Fig. 15, Table 4).
The mean age of each group was similar, concentrating around 13 to 14 years. An
ANOVA test proved no significant difference between the mean ages of the groups (Fig.
16, Table 5-6). No statistically significant associations of age with any direct Bjork
measurements were encountered. The two highest correlations of variables with age, LFH
(0.31) and symphysis height (0.33), made sense from a growth perspective since both
variables, in all three groups, would tend to increase with age (Table 7).
Finally, no differences in overbites were noted between males and females in each
of the three groups. Thus, gender differences did not play a role in the examination of
these groups and males and females were analyzed together (Table 8).
Part II and III-Measure of Bjork Predictors and their Relationship to
Overbite Magnitude
Direct Measures
The mean values of interincisal angle, one of the seven Bjork predictors for
mandibular growth rotation, were calculated for each of the overbite groups (Fig. 17, Table
9). The mean interincisal angle was significantly different for each ot the three groups at p
< 0.017 error (Table 10). On the other hand, the mean intermolar angle was significantly
different only between open and average, and open and deep groups. The average and
55
deep bite groups showed no statistically significant difference (Fig. 18, Table 11-12). The
same pattern was evident in the mean Bjork direct measure of lower mandibular border
morphology, antegonial notch depth. The open bite patient group had a mean deeper
antegonial notch than the average or deep bite groups. However, even though the mean
notch depth of the deep bite group was the smallest, there was no significant difference
between the deep and the average bite groups (Fig. 19, Table 13-14).
Direct measures of symphysis inclination and morphology also elicited interesting
results regarding overbite magnitude. The mean Skieller angle (the angle formed at the
intersection of S-N line and a line tangent to the anterior surface of the symphysis ) was
smallest in the open bite group and the greatest in the deep bite group. The average
overbite group had a mean Skieller angle predictably in the middle (Fig. 20, Table t5).
Although approaching significance, there was no statistical difference between Skieller
angles of the open group and the average group. Yet, there was a strong statistically
significant difference between the average and deep, and open and deep groups (Table 16).
The reverse relationship was the case when examining symphysis height. The
mean symphysis height for the open bite group was significantly higher than the average or
deep bite groups. However, there was no significant differences found between the
average and deep groups (Fig. 21, Table 17-18).
The mean symphysis depth of the deep bite group was the greatest compared to the
open bite and average groups. However, a statistically significant difference was only
detected between the average and deep groups (Fig 22 Table 19-20). On the other
--
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more predictable differences were discovered when comparing the mean ratio of symphysis
height to depth for the three groups (Fig. 23, Table 21). The open bite group had the
highest ratio, followed by the average group, followed by the lowest mean in the deep bite
group. All means were significantly different from each other (Table 22).
The last direct measure of symphysis morphology was symphysis angle. No
significant differences were noted between all three groups (Fig. 24, Table 23-24).
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Finally, LFH was the last direct Bjork measurement to be compared. Expectedly,
the open bite subjects were the patients with the largest LFH, significantly larger than the
average or deep groups. However, there was no statistically significant difference in mean
LFH between the average and deep bite groups (Fig. 25, Table 25-26).
Indirect Measures
The indirect measurements consisted of measures of four separate Bjork predictors
and one measure of an overall image of the patient minus the teeth. These were ordinalized
on a VAS with backward and forward extreme gradations. Three separate investigators
(ER, AK, SM) scored the images on the 10 cm line and one investigator measured the tick-
marks with a Mitutoyo digital caliper. Each investigator’s scores were scaled to each
other’s by applying the equation:
X’ = 100/Range x (X-Minimum)
where X’ equals the scaled score and X equals the individual observation. Thus, the
minimum values per investigator would derive a value of 0 and the maximum value would
convert to 100.
In general there was a wide variability in each investigators recorded VAS scores
(Table 27). There was no difference found between investigators scoring condyle
inclination of the open and deep bite group. However, in the average group there was a
difference between two investigators (ER andw ""-’ ,,o 30)A,Ot ame vv hen scoring the
symphysis morphology on the VAS, one investigator recorded mean measurements
significantly lower than the other two investigators for both the open and average bite
groups (Table 31-32). In the deep bite group all three investigator’s mean scores were
significantly different (Table 33). Significant differences between investigators were also
observed in the measurement of mandibular canal morphology. In the open bite group one
researcher had different scores than the other two (Table 34). In both the average and deep
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bite groups, SM’s scores were different from ER’s and AK’s respectively (Table 35-36).
ER’s scores were also different from SM’s in the open bite group of the mandibular lower
border VAS scores (Table 37). However, no difference in mean VAS score was noted
between investigators in the average and deep bite group (Table 38-39). Finally, when
comparing separate scores for the gestalt image, much variability was evident. In the open
bite group ER’s mean score was significantly lower than AK’s (Table 40). In the average
group, all investigators scores were significantly different while in the deep bite group,
AK’s values were different from SM and ER’s (Table 41-42).
Even though much variability existed between the investigators scores, the mean
scaled VAS scores ranging from 0 to 100 were averaged between the three investigators for
each of the five indirect Bjork predictors. Comparisons between overbite groups were then
made. There was no difference found between the overbite groups in condylar inclination.
All three average scores were approximately 50 and ANOVA tests failed to detect a
significant difference between groups (Fig. 26, Table 43-44). The same was tree for the
different overbite groups’ mandibular canal shape. The canal scores were on average about
10 points lower than those of the condyle (Fig. 27, Table 45). However there was no
statistically significant difference between the overbite groups in mean VAS score for canal
shape (Table 46).
Symphysis morphology followed a more predictable pattern. The average VAS
score was lowest in the open bite group, highest in the deep bite group and in the middle in
the average overbite group (Fig. 28, Table 47) Even tnougn
order, no significant difference could be found between the open and average groups. On
the other hand, t-tests revealed significant mean differences between average and deep, and
open and deep groups (Table 48).
Approximately the same pattern was found when analyzing the mandibular border’s
VAS scores. Mean scores were ordered in a logical fashion, again with the highest.value
belonging to the deep bite group and the lowest, the open bite group (Fig. 29, Table 49).
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Statistically significant differences were found between the open and average groups and
open and deep groups. Yet no difference was found when comparing the average and deep
groups (Table 50).
Finally, the gestalt images, showing the entire cephalogram sans maxillary and
mandibular dentition, also revealed significant between group differences (Fig. 30, Table
51-52). With the benefit of almost the entire image, taking several of the Bjork predictors
into account, the investigator’s averaged VAS scores showed significant differences among
all overbite groups.
Both the direct and indirect measurements as well as overbite magnitude were
included in a correlations analysis. Bjork total’, a summed average of the five indirect VAS
measures, was included to detail any significant associations. Any coefficients of 0.50 or
above Was listed in bold text (Table 53).
Regression Analysis
As a final means of explaining the individual Bjork predictor’s relationship to.
overbite magnitude, all 15 Bjork variables (including Bjork total’, a measure of the five
averaged VAS scores) were used in stepwise multivariable regression analysis. In order to
accomplish this, the 15 measurements served as the independent variables, while overbite
magnitude served as the dependent variable. Using regression analysis, the variation of the
dependent variable determined by the independent variables could be calculated. Starting
with the 15 individual Bjork predictors, variables were dropped in a stepwise fashion if
their coefficient of determination p-value was greater than 0.05. Individual variables were
dropped in a sequential manner until a remaining five predictors were statistically
significant in predicting overbite magnitude. Ultimately, interincisal angle, intermolar
angle, LFH, symphysis depth and gestalt VAS score were successful in explaining 62% of
the observed variability in overbite (Table 54-58).
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Interincisal angle explained the greatest variability in overbite (R2 0.41). The
regression equation predicting overbite was as follows:
OB=-23.40+0.20(II).
Each of the remaining four variables significantly explained a greater variability in predicted
overbite. The final equation with all five significant Bjork predictors explaining the greatest
variation in overbite was:
OB=-60.92+0.14(II)+0.02(Gest’)-0.15(LFH)+0.28(IM)+0.37(Sym D) R2=0.62
(Fig. 31).
To evaluate the legitimacy of the model, the independent variables were examined
for covariance by correlations analysis (Table 59). Also, a plot of the residuals as a
function of the predicted values was examined to assure that the assumptions of
multivariable regression were met.
Part IV-Relationship Between Bjork Predictors and the Outcome of
Orthodontic Treatment for Anterior Open Bite
Bjork Totals
In order to examine the relationship of the Bjork predictors to open bite treatment
outcome, it was necessary to derive an overall Bjork Total. This total was formulated from
the seven structural signs fo mandibular rotation and was intended to be representative of
the subject’s overall tendency to exhibit backward or forward rotation. The seven signs
were to be counted only once per subject and weighted equally with each other. For
example, only one method of symphysis morphology measurement from the six total
symphysis measurements (Skieller angle, symphysis height, symphysis depth, ratio,
symphysis angle, and symphysis VAS) was chosen.
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The results from the VAS indirect measurements were excluded due to their low
interobserver reliability and subjective nature. Thus, two of the seven Bjork predictors
(condyle inclination and canal curvature) were dropped completely from the Bjork Total
formulation.
Three of the remaining five Bjork predictors ( interincisal angle, intermolar angle
and LFH) were only measured once. Antegonial notch depth was chosen as the fourth
Bjork Total factor since the alternative measurement of mandibular lower border
morphology, Border’ VAS, was an indirect measurement and hence, not used. This left
one of the five direct measures of symphysis morphology (Skieller angle, symphysis
height, symphysis depth, symphysis ratio, and symphysis angle) to be used as the final
factor of the Bjork Total. It was decided that depth of the symphysis should be used as the
final factor because this measurement played a statistically significant role in.the overbite
regression model. Thus, the final Bjork Total value consisted of interincisal and intermolar
angles, antegonial notch depth, LFH, and symphysis depth.
Since the measurements of each of the Bjork predictors distributed with unique
characteristics (i.e., mean, minimum, maximum, range) and units (millimeters, degrees),
the observed values were standardized to a 0 to 100 scale. Lower scores represented
backward rotation tendencies while higher scores represented features consistent with
forward rotation. For features where the lower values represented backward rotation
(interincisal angle, intermolar angle, and symphysis depth) the following previously
described equation was used:
X’ lO0/Range x (X- minimum)
where X’ equals the standardized score and X equals the observed value. For example, the
range of interincisal measurements in the entire sample of 186 patients was 95 with a
minimum value of 85. Thus, a patient with the most acute interincisal angle of 85 would
derive a Bjork Total of 0 using the scaling equation.
61
Alternatively, for the Bjork predictors where greater values were equated with
backward rotation and lesser values with forward rotation (e.g. antegonial notch and LFH)
this equation was used:
X’ = 100- (100/Range) x (X minimum).
For example, the range ofLFH measurements in the entire sample of 186 patients was
50.13 mm with a minimum value of 49.14 mm. The patient with the shortest LFH of
49.14 mm would receive a Bjork Total of 100 using the scaling method.
In both equations, the range and minimum value for each Bjork predictor was
derived from the entire sample. Each predictor was given a value between 0 and 100. All
five were summed, deriving a Bjork Total that was on a 0 to 500 scale. High Bjork Total
scores would result in a sum of higher individual values (closer to 500) and would be
consistent with forward rotation. Low total scores (closer to 0) would represent a sum of
several features consistent with backward rotation.
Bjork Totals reflected the degree of overbite. The open bite group demonstrated the
lowest mean Bjork Total followed by the average overbite group. The deep overbite group
showed the largest mean Bjork Totals (Fig. 32, Table 60). All overbite groups showed
statistically significant differences (Table 61). In a simplified fashion, the Bjork Totals
may account for some measurement of open bite tendency.
Bjork Total Relationship with Open Bite Treatment Outcome
Bjork Totals were calculated for the sample of open bite patients with T2 films (N =
62). Thirteen of those 6,2 patients were members of the sample of open bites (N = 59)
from the original sample (N- 186). The mean score and standard deviation were 272.74
+/- 38.84 and the median was 274.52 (Table 62). The median was chosen as the value to
discriminate between backward and forward rotators. Patients with Bjork Totals of greater
than 275 were deemed forward rotators while patients with Bjork Totals of lesser than 275
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were deemed backward rotators (Fig. 33). The group was divided into 32 lowest Bjork
Totals and 30 highest Bjork Totals with an overall mean open bite of-l.71 mm +/- 1.55
(Table 63).
The group of forward and backward rotating open bite subjects were matched for
age and magnitude of open bite. This procedure resulted in a total sample of 57 with 29
backward rotators and 28 forward rotators. The mean age of the backward rotators was
16.58 years versus 14.44 years for the forward rotators. T-test revealed no statistically
significant difference in age between these two groups (Table 64). Likewise, the backward
rotators in this group had a mean open bite of-2.00 mm while the forward rotators had a
mean of- 1.46 mm. No significant differences in magnitude of open bite were found
between the groups (Table 65).
The final question was, is there a difference in treatment difficulty or outcome
between the Bjork Total groups? This was evaluated by looking at such factors as whether
the patient required orthognathic surgery, the overall treatment length, the final overbite, the
percent open bite correction, and the mean total open bite correction. There was a much
higher number of patients in the backward rotator group who had received or required
orthognathic surgery as a part of their comprehensive treatment plan. Eighteen of the 29
backward rotators (62%) were surgical candidates compared to only two of the 28 forward
rotators (7%) (Fig. 34, Table 66). This number was statistically significant when tested
with a chi-square (p < 0.005) (Table 67).
in order to assure fair comparison of treatment outcome, ’’mc open ’:,,e --+;"--o,,,,.
which had received orthognathic surgery for correction of their open bites were dropped
from the sample. This led to a remaining sample of 39 patients (13 in the backward group
andS26 in the forward group) (Table 68). Again, these patients were matched for age and
open bite magnitude. Therefore, the only controlled difference in the groups was the
smaller mean Bjork Total in the backward rotator group and the larger mean Bjork Total in
the forward rotator group (Table 69-71).
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Factors plausibly associated with treatment difficulty were previously measured for
all open bite patients with an existing T2 cephalogram. These included: overall length of
treatment, which was measured as the patient’s deband date minus the T1 film date, final
overbite measured from the T2 film, total open bite correction, measured as final open bite
minus initial, and percent overbite correction from initial presentation to an "ideal" of two
millimeters. The latter outcome variable was measured by:
(Final OB Initial OB)
(2 Initial OB)
Actual correction achieved
Totalcorrection achieved
where OB is overbite. For example, if the original open bite was -4 mm and the patients
obtained a final overbite of- 1 mm then the actual correction achieved was -1 (-4) = +3
nun. The total correction needed was 2 (-4) +6 mm and 3/6 x 100 50% correction.
It was hypothesized that the patients with the backward Bjork Totals would
demonstrate a worse treatment outcome compared to the patients designated as forward
rotators. No statistical difference was found in mean treatment length when comparing the
two groups. The mean treatment length of the forward rotators was actually at)out six
months longer than in the backward rotators (Table 72).
The mean final overbite was significantly lower in the backward rotators than the
forward rotators. Both groups achieved a mean positive overlap of incisors on the T2 film,
however the patients with the backward Bjork Totals achieved a mean overbite of 0.38 mm
compared to a 1.46 mm mean overlap among forward rotators (Fig. 35, Table 73-74).
In both mean percent overbite correction and mean total overbite correction, the
backward rotator groups had significantly lower values than the forward rotators. While
the forward rotators had a mean 86% overbite correction, the backward rotators had a mere
45% correction (Fig. 36, Table 75). This was statistically significant at p < 0.05 (Table
76). The same pattern followed in comparing the mean total open bite correction. The
mean total of 1.55 mm open bite correction in the backward rotators was statistically less
than the 2.92 mm mean total correction gained by the subjects in the forward rotator group
(Fig. 37, Table 77-78).
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Finally, it was noted that two outliers existed in the backward rotator group.
Treatment notes revealed that these two patients had been treatment planned for
orthognathic surgery but had been denied by their respective insurance carriers.
Subsequently they had not proceeded with surgical correction and were left with remaining
open bites. These two subject were dropped from the backward rotator sample, leaving a
total N of 37 (11 in the backward group, 26 in the forward group). Again, in comparing
these groups, they were matched for initial open bite and age. No difference was found in
total length of treatment (Table 79-82).
In judging the quality of outcome in terms of open bite correction, a subjective
ranking was utilized. Subjects having a final overbite less than one millimeter were
designated with a "poor" score, subjects having a final overbite between one and 1.75 mm
were given a "fair" score, and patients having a final overbite greater than 1.75 mm were
given a "good" score. No patients in the backward rotation group had a "good" result.
Seven subjects had "fair" final overbite designations and four had "poor" results. The
forward rotators seemed to fair better, having eight, twelve and six "good", "fair" and
"poor" scores respectively (Fig. 38). A Fisher exact test revealed that a statistically
significant difference existed between the backward group’s resultant scores compared to
the forward group’s scores. Open bite treatment outcome was worse among the backward
rotators (Table 83).
DISCUSSION
The purpose of this retrospective study was to evaluate a means of measuring the
Bjork predictors, their relationship to overbite magnitude, and their relationship to open bite
treatment outcome. The results of this study indicate that the Bjork structural signs of
mandibular growth rotation are quantifiable. Further, these features are intimately related to
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overbite magnitude. When taken in sum, these features also identify differences in open
bite treatment outcome.
The results of the study demonstrate that with some limitations, it is possible to
objectively measure the Bjork predictors. Three of the predictors (interincisal angle,
intermolar angle, and LFH) were examined directly with "non-constructed" measurements.
The other direct measurements were "constructed", in that they originated from other
studies as a means of examining mandibular rotation and seemed to be representative of
symphysis morphology and lower mandibular border shape.
There was a significant relationship between certain Bjork predictors, measured by
the direct method, and the magnitude of dental overbite. As early as 1965, Schudy
expressed his opinion that backward mandibular rotation "caused open bites" and that
forward mandibular rotation "caused closed bites.’’16 Orthodontic research later evolved
to Dung & Smith’s seminal paper detailing the failure of commoncephalometric
measurements in predicting the presence of open bite.as They believed that Bjork’s
structural signs of mandibular growth rotation might be better features to utilize in
predicting open bite. This study has shown that when using the Bjork predictors
individually or when summed together, significant differences were present among overbite
groups.
The Bjork predictor of interincisal angle was significantly different in all three
overbite groups (Fig. 17). Bjork reported acute interincisal angles were predictive of future
backward mandibular rotation a a more obtuse angles were lcutsavc of amre forward
rotation. This study found significant differences in interincisal angle between the open,
average, and deep bite groups. These results were certainly not surprising in light of
previous studies. Schudy stated that, "interincisal angle is an important cause of overbite"
and, "a symbiotic relationship develops between the size of the interincisal angle and the
depth of the overbite.93 He substantiated this claim by running overbite correlations with
27 different cephalometric measures in a random sample of 50 children between the ages of
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11 and 14. The interincisal angle was one of the very few measurements that had
significant correlation to overbite (0.45). Therefore, there is evidence to support the
finding that this Bjork predictor can distinguish between overbite groups.
The second direct Bjork predictor, intermolar angle, was also responsible for
distinguishing several of the different overbite groups. Intermolar angle, explaining 39%
of the variability in mandibular growth rotation in a previous study,9s was a crucial feature
in discerning open from average and open from deep bite groups. The failure of noting a
significant difference between average and deep bite groups stems from the angle’s
characteristic geometric configuration. Another way of viewing intermolar angle is by
picturing it as two separate lines perpendicular to two occlusal planes. When upper and
lower occlusal planes are divergent, two occlusal planes are produced, intermolar angle
decreases, and open bite magnitude is accentuated. When intermolar angle increases (e.g.
to 175 to 180) only one occlusal plane is usually produced and it becomes difficult to
distinguish average overbites from deep overbites solely based on this feature. There are
patients who possess a 180 intermolar angle who may have a deep bite with hypodivergent
features, as well as patients who can have a normal overbite with the same intermolar
angle. However, the results of this study suggest that the probability that open bite patients
characteristically have more acute intermolar angles is significantly better than chance.
The Bjork predictor of lower facial height (LFH) followed the same pattern. Open
bite patients had much largervalues than average or deep bite patients. However, no
statistically significant difference was noted between average and deep bite groups. Many
25previous studies have shown LFH to be dramatically increased in open bite patients. s6, 7,
58, 59, 60, 61, 62, 63, 64 This intimate relationship of a large LFH to open bite is possibly what
prompted Bjork to include this variable in his explanation of backward mandibular rotation.
In the study by Skieller, et al, 9 LFH itself was not used as a variable with which to test
actual total rotation. Instead, a series of ratios were used to explain growth rotation. These
included Nahoum’s ratio (UFH/LFH)6 and Jarabak’s ratio (PFH/AFH),89 which Skieller
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called Index IV and Index I respectively. Index IV explained 28% of the variability in
mandibular growth rotation, while Index I explained 62%. Even though these ratios were
fairly competent at explaining a portion of the variability in mandibular growth rotation, the
same ratios failed to predict the presence of open bite in the Dung & Smith sample.88 For
example, only nine patients out of the 50 who had a Jarabak ratio, of less than 58% had
open bites (18%) and only 15 out of the 50 patients whohad a Nahoum ratio less than 0.70
had open bites (30%). Thus, instead of using ratios as a means of delineating anterior
lower face height, the actual linear measurement of LFH was used. First, it is a predictor
of mandibular rotation as described by Bjork. 14 Second, the ratios were part of a whole
series of cephalometric measurements that have already been tested in the Dung & Smith
study, as
Also, one previous study followed the methodology of Dung & Smithas in
assigning cut-off values for certain cephalometric features that were indicative of open
bites. Pae91 used the linear value for LFH and found that patients with LFH’s greater than
or equal to 72.5 mm had significantly lower mean overbites than those with LFH less than
72.5 mm. Even though the mean overbite for the large LFH group was still positive, it
was lesser in magnitude than any of the other common cephalometric variable listed. One
reason why Pae achieved the same results as Dung & Smith using this linear LFH variable
could be because there were only 17 out of 58 subjects with an open bite in the former
study.91
o,ot,otocl moaeromont xzhiehThe rest of the direct measures were, n a sense, .,,,,,
were necessary to represent the Bjork predictors of lower mandibular border morphology
and symphysis inclination. Antegonial notch depth, from Singer, et al’Bookmark not defined.,
served as the direct measurement of lower border morphology. In this paper, patients with
deep antegonial notches showed 2.6 mm less growth in mandibular length compared with
patients of a comparable age group who had shallow notches. Growth in patients with
deep notches was mostly expressed in a vertical direction. Since these 25 subjects were not
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part of an implant sample, total mandibular rotation was unable to be calculated, however
antegonial notching is generally accepted by Bjork and others to be a feature indicative of a
case that will show furore backward rotation. The deep notch in Singer’s sample had
reduced condylar growthf’"""aa,, predisposing that group to backward
mandibular rotation and eliciting a sequence of bone remodeling as described by Bjork and
Skieller,9s "whereby the anterior part of the corpus is pressed down into the matrix
resulting in resorption at the lower surface of the symphysis," while, "the posterior part of
the corpus is lifted up from the soft tissue matrix, stretching the periosteum, and apposition
takes place below the angle." (Fig. 39) Thus, it was surmised that deeper antegonial
notches would be representative of a backward rotator. Unlike Singer’s study which
dichotomized deep and shallow notches based on an arbitrary value (deep > 3 mm, shallow
< 1 mm),Errr! Bookmark not defined, the present study was simply an investigation of the
difference in notch depth (and hence mandibular lower border morphology) among
differing overbite groups, assuming that deep notches were truly representative of
backward rotators.
Like the three Bjork predictors before, the open bite group showed significant
differences from the average and deep bite groups for antegonial notch depth. However,
no statistically significant difference was found between the average and deep bite groups.
Most of the patients in the open bite group had deep antegonial notches (the maximum
depth was 8.13 mm). Bjork and Skieller commented that in backward rotators there is
apposition below the posterior, angular part of me manmuulm lower border, tu,,,.’-:" in" a
convex shape and a deep antegonial notch.9s Even though members of the deep bite sample
had the shallowest mean antegonial notch (x 1.45 mm), it was difficult to distinguish
from subjects of the average overbite group. No deep bite patient in the sample had
negative notches, or those with characteristic lower borders that were perfectly convex--the
classic "rocker jaw." Although some fraction of measurement error could have played a
vital part. Perhaps several of those "rockerjaws" were read as having 0 mm antegonial
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notches when in reality a negative measurement would have been more accurate. A
significant difference between the average and deep bite groups may have been found if this
technique for measuring "negative antegonial notches" was employed. It is this geometric
conundrum that becomes manifest when attempting to measure curvilinear shapes.
One could make the argument that perhaps the previously described Bjork and
Skieller measurement ML1-ML295 should have been recorded for the shape of the lower
mandibular border. This angle is essentially a measure of lower anterior border cortication.
In the forward rotator, the pronounced apposition below the anterior part of the mandible
produces anterior rounding and a thick cortical layer.9 Skieller, et al9 showed that as this
angle increases, indicating a greater anterior cortication, the tendency for forward rotation is
also raise& Also, she revealed that 27% of the variability in growth rotation could be
explained by ML1-ML2. However, it seemed logical, in light of Singer’s analysis of the
antegonial notch’s relationship to future mandibular growth direction,’
that this value be used as the direct measurement for lower border morphology. The fact
remains that using this value one could predictably distinguish open bite patients from
average and deep bite patients.
The final constructed Bjork predictor, symphysis inclination, was measured directly
several different ways. There was a significant difference between average and deep bites
and deep and open bites in their mean Skieller angles. Although not statistically Significant,
the difference in mean Skieller angles between the open and average open bite groups did
approach significance (p 0.02) via two-taie t-test. If one assumes u
angles in the open bite group are more acute than in the average group (one-tailed test) then
statistical significance is achieved. This means that based upon Skieller angle (an angle that
can predict 38% of the variability in mandibular growth rotation9s) significant differences
exist between this feature among overbite groups. Patients with deep bites, on average,
have symphyses which are swung forward in the face, creating a prominent chin. On the
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other hand, patients with open bites on average have symphyses which are swung
backward in the face, creating a deficient chin.
Symphysis morphology or inclination was also quantified using the cephalometric
measurements derived from Aki, et al4: symphysis height, depth, ratio, and angle. In
this study, symphysis morphology, quantified by using these measurements, was found to
be associated with mandibular growth direction. Subjects with a small height, large depth,
small ratio, and large angle of the symphysis were shown to have an anterior mandibular
growth direction (forward rotator). Subjects with a large height, small depth, large ratio,
and small angle of the symphysis were shown to have a posterior mandibular growth
direction (backward rotator). TM Symphysis ratio had the strongest relationship to direction
of rotation. In the present study, symphysis ratio also had the best relationship, this time to
overbite magnitude. Open bite subjects had the largest mean ratios (backward rotators) and
deep bite subjects had the smallest mean ratios (forward rotators). All ratios-of the open,
average, and deep bite groups were statistically different from each other.
There is a very close relationship of overbite with symphysis morphology, alveolar
base heights, and LFH. Beckmann, et al17 found a large LFH to be associated with a
more long and thin shape of the symphysis, a larger maxillary alveolar base area, and a
smaller overbite among an average overbite group. In another study the same investigators
found that their group of deep bite patients exhibited a wider symphysis shape while the
open bite group had significantly less cross-sectional area of the symphysis.1 No
differences were found in the depth of the symphysis between any of ’":"men overbte groups.
However symphysis depth in this study was measured at the level of the apices of the
lower incisors which was different than the method used in the present study or in the
study by Aki, et al. 14 A study by Haskell9 revealed that the bony chin, measured as a
percentage of total mandibular alveolar and basal area, in open bite subjects was
significantly smaller than in subjects from normal or deep bite groups. The results of the
present study seem to concur with these findings, that the bony chin, being more protrusive
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in forward rotators, is associated with deep bite patients and more retrusive chins,
representing the backward rotators, are associated with open bite patients.
The remaining Bjork predictors were measured by an indirect method on a VAS.
The VAS indirect measures were surprisingly poor in interobserver reliability. The three
investigators, observing each individual image, inscribed a mark on the VAS delineating
whether the feature was characteristic of a backward or a forward rotator. Although there
was no manner in which to test whether the patients observed actually rotated forward or
backward longitudinally, the VAS measurements were useful in determining (1) whether
there was agreement among investigators concerning the composition of the structural signs
of backward or forward rotation and (2) whether these signs on a VAS would be predictive
for overbite magnitude. There was limited agreement among the three investigators
concerning what features actually constituted a backward and forward rotator among the
three overbite groups. Even though all investigators had the six-page worksheet clearly
detailing the differences in the features of backward and forward rotation, significant
differences in VAS scores were present among at least one investigator in 11 out of a
possible 15 categories. The only categories where all three investigators had similar VAS
scores were the open and deep bite condyle images and the average and deep bite
mandibular border images. It should be added that even though statistically significant,
only a small difference was noted between two investigators scoring average overbite
condyle images. It could be argued that among the three groups of condyle VAS images,
ncnnuuou mad itsthe investigators came very close to agreement on condylar’---"---’:
to forward or backward rotation. However, when observing each of the investigators’
mean scores of the condyle, they were all similar primarily because each investigator
ranked the condyle inclination close to the middle or approximately 50 mm on the VAS.
This could be interpreted as either (1) all investigators thought each group of condyle
images were representative of an average mandibular rotator or (2) due to problems with
the clarity of the condyle images, investigators marked the scale in the middle because of
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uncertainty of the condylar anatomy or whether it was representative of either a backward
or a forward rotator.
The observed lack of agreement among the investigators was reminiscent of the
results of another previously published study empirically testing individual clinician’s
performance in predicting mandibular rotation from a patient’s initial head-film.99 Unlike
the present study, Baumrind had previous knowledge as to the extent and direction of his
subject’s mandibular rotation. Five "expert" judges, with a mean clinical experience of 28
years, were asked to predict forward or backward rotation in a group of 32 confirmed
backward and 32 confirmed rotators. Contrary to the present study, there was a high order
of agreement among investigators but no judge performed significantly better than chance
alone.
On the other hand, in the present study there was a low order of agreement among
investigators (who all had a lesser mean clinical experience than Baumrind’s group).
However, the average VAS scores among investigators were still partially predictive for
overbite magnitude. Of course, the present study and Baumrind’s study99 were inherently
different in that Baumrind was able to test the degree of actual rotation that had occurred
while the current study was testing the relationship of overbite magnitude to predetermined
features of mandible rotation. In the present study it was assumed that the Bjork
predictors, as detailed in the literature, were legitimately predictive for forward or backward
rotation, depending upon the individual structural signs. Also, in the study by Baumrind,
et ai the authors did not have the benefit of an mpant sample, q’’"-’--- y simply measured
change of mandibular plane angle from Tl-T2. Thus, rather than measuring the subject’s
total rotation, they simply measured matrix rotation,9s not contemplating the whole picture
of mandibular growth rotation. Perhaps this was why when testing a series of standard
99cephalometric measurements to determine if any values classified backward rotators it
was mentioned that high interincisal angles predicted backward rotation, in contradiction to
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Bjork’s original claims. TM The results of Baumrind’s study must be compared to Bjork’s
results cautiously.
The results of the VAS scoring in the present study can also be contrasted to the
findings of another similar study. Unlike the superior investigator interreliability found in
the study by Ari-Viro and Wisth,1 the present study failed to elicit a consistent agreement
between investigators scoring the individual Bjork predictors on a VAS. Several possible
explanations can be evoked to clarify this disparity. First, in both studies the method of
measurement was significantly different. Ari-Viro and Wisth ranked the tendency for
backward or forward rotation using a seven-point scale, while in the present study, the
investigators used a visual analog scale consisting of a 100 mm line. Perhaps converting
the VAS scores to ranked scores on a similar seven-point scale would improve
interobserver reliability in the present study. Second, eleven investigators were used in the
Ari-Viro and Wisth study compared to three investigators in the current study. Thus, mean
differences in individual scores may have been masked more in the study with more
investigators. Also, differences in measurement of interobserver reliability exists between
the two studies. In the Ari-Viro and Wisth study, mean scores among investigators were
simply compared to each other by noting differences that exist. In the present study, mean
scores are compared via t-test to see if true differences exist between the mean. Third, in
the European study the investigators had the benefit of observing the entire initial head-film
when scoring the individual Bjork predictors. This was unlike the present study wherein
oni the predictor in question was vve,-vv,e, mmm,g the extent
influenced each other’s scores. Finally, it is possible that in the Ari-Viro and Wisth study
the authors did not achieve small interobserver differences as reported. They stressed that
most of the mean score differences between observers were less than one unit (showing a
small average difference between the eleven investigators). However, upon closer
observation of the rawdata it appears that 19 out of the 43 patients had mean score
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differences greater than one unit. Thus, perhaps the interobserver reliability between the
European study and the current study is not as different as first surmised.
Several of the indirect measurements were useful in successfully predicting overbite
magnitude. Symphysis morphology, as quantified by the VAS score, followed almost the
same pattern as another direct measure of symphysis inclination, Skieller angle. Like
Skieller angle, significant differences were found between average and deep bite and open
and deep bite groups. Again, the difference between open and average overbite groups
approached statistical significance (p = 0.03) and if one assumed that the VAS symphysis
score for the open bite group would be less than that of the average open bite group, then
significance was achieved (one-tailed t-test, p- 0.01). These results were the same as
those for Skieller angle and in fact a fairly high association between these two variables
existed (r = 0.55) (Table 53).
Like the symphysis VAS indirect measure, the mandibular border morphology VAS
measure had almost the same results as another direct measurement describing the same
feature: antegonial notch depth. Similar to the results for antegonial notch depths,
mandibular border VAS scores were significantly different between the open and average
overbite groups, and the open and deep bite groups. No difference in mean scores were
found between average and deep bite groups. There was a high correlation between the
mandibular border VAS scores and antegonial notch depth (0.60) meaning that perhaps
when scoring the rotation tendencies of lower border images, the antegonial notch
morphology was prominent in the investigator’s aecxstn-mamng
The most discriminating indirect measure for overbite magnitude was the gestalt
VAS score. This result is logical and stresses the importance of observing all of the Bjork
predictors in sum rather than individually. Bjork himself stressed that the more predictors a
14patient had, the more likely they were to exhibit forward or backward rotation. Upon
observing not only five of the seven Bjork predictors in one image (incisors and molars
were blocked-out) but also other cephalometric features like soft-tissue structures and
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mandibular plane inclination, investigators were able to successfully differentiate open from
average from deep bite subjects. Mean VAS scores were significantly different for all
groups. In fact, the VAS border score had a strong correlation with the gestalt score
(0.79), revealing that investigators were highly influenced by lower border morphology
when scoring the overall head-film (Table 53).
Finally, both condyle and canal VAS measurements failed to elicit any significant
differences between overbite groups. Again, all average scores for both images were
concentrated arOund the middle on the VAS (approximately 40-50 mm) which suggests that
investigators used the middle value when they could not decide whether the feature was
indicative of backward of forward rotation. This makes the most sense and was expected,
since both condylar inclination and canal shape are difficult to individually distinguish. The
condyle on cephalograms is usually masked by the ear-rod aswell as the glenoid fossa, the
cranial base, and the petrous part of the temporal bone. Mandibular canal is also very
difficult to locate since its corticated borders can be obscured within the trabeculation of the
mandible. Clearly, even though both of these structures were enlarged on the computer
enhanced image, they were still difficult to observe with discriminating ability.
Most of the direct and indirect Bjork predictors of mandibular rotation had specific
mean values that were able to distinguish overbite groups. Relatively high associations
with overbite magnitude were found among the Bjork predictors and half of the measures
have over a 40% correlation. Eleven of the correlations, were statistically significant, most
at a p < 0.00i (Table 84). The highest variability (r2 ’ "’u.u n overblte was achieved by
using interincisal angle, intermolar angle, LFH, symphysis depth, and gestalt VAS score as
independent variables. This regression model could be thought of as consisting of four of
the seven Bjork predictors. Gestalt significantly contributes to the fifth Bjork predictor,
mandibular border morphology, since a very high association between gestalt VAS and
border VAS exists (r 0.79). The regression overbite model could be viewed as
consisting of five of the Bjork predictors of mandibular rotation which contribute to 62% of
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the observed variability of overbite magnitude. The remaining 38% variability is caused by
some other unmeasured factor. The multivariable regression analysis demonstrates the
utility of considering the Bjork features as determinants of overbite magnitude. These
features may be representative of the ethereal "open bite tendency." The failure to predict
100% of overbite variability is also consistent with clinical experience. The etiology of
vertical malocclusions, especially open bites, is complex and multifaceted. With anterior
open bite, not all are "skeletal" in nature, therefore, any model predicting open bite based
on skeletal features would be imperfect. But, the existence of a definite predictive
relationship may become an aid to differential diagnosis of vertical malocclusions,
especially open bites.
The construction of the Bjork Totals was for the explicit purpose of facilitating
within group comparisons. A numeric value was needed which had the ability to
dichotomize the open bite sample on the basis of the mandibular rotation characteristics for
the intent of investigating treatment outcome. Some clinical judgment went into selecting
the factors of the Bjork Total. Indirect measures were not used because they were thought
not to be clinically useful nor reliable by repeated measures. Therefore, no measure of
condyle inclination or mandibular canal shape was used. Antegonial notch, which had a
fairly high correlation with gestalt VAS as well as border VAS was used as the factor for
lower border morphology. Finally, since symphysis depth played a role in the overbite
regression model it too was included as the measure of symphysis inclination. The
inclusion of symphysis ucpm seemed to make *- , ,,,.o Bj,rv originnlly stntad
that patients with receding chins were expected to exhibit backward rotation. TM Symphysis
depth was the clearest measure of protrusive versus recessive chins.
Using the five Bjork predictors in the Bjork Total enabled between group
differences to be delineated. Mean Bjork Totals for all of.the overbite groups were
significantly different and followed a logical pattern. Scaled from 0 to 500, the open bite
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sample had the lowest mean followed by the average overbite sample followed by the
largest mean exhibited by the deep bite group.
The hypothesis that the open bite patients having features of mandibular backward
rotation would be more difficult to treat by orthodontic means than an equivalent group of
open bite forward rotators, stems from a basic geometric problem. As the mandible rotates
down and back during growth, the incisors have a larger distance to travel to achieve
positive overbite (Fig. 1). Anterior dentoalveolar compensation serves to attain this goal
but the question remains, how much compensation is possible via growth and/or treatment?
It was suggested that normally patients exhibit some forward rotation during growth.96 It
is possible then that open bite patients, suffering from a multifactorial etiology, could
exhibit more backward rotation than patients having normal or even deep bites. This
relationship of features of mandibular rotation to overbite magnitude was prominently
shown in the first part of this study. Thus, this added etiology complements and intensifies
whatever other etiologies are present to fully yield a larger skeletal component to the open
bite malocclusion.
This "geometry problem" of open bite correction was substantiated by Arat and
Iseri’s observations of open bite treatment effects.77 The investigators followed 22 open
bite patients with fixed appliances and noted that while all patients were treated
successfully, i.e. closure of the open bite was achieved, the mandible rotated down and
back during treatment and treatment success was dependent upon the hyperdevelopment of
the anterior alveolar processes Even *’u,," no **’’-"-* made m xrorti,nlly e,tnde the
incisors, all cases were extraction so the overbite closure could be explained by the
retraction of mandibular and maxillary incisors. The greater distance the incisors had to
extrude was a result of an overall backward mandibular rotation in this group.
Assessing treatment outcome can be difficult in dentistry in general and in
orthodontics in particular. Defining both the degree of treatment difficulty and success of
treatment remain largely subjective. This study attempted to define difficulty and/or
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success as broadly and simplisticly as practical. Factors plausibly associated with treatment
difficulty were total length of treatment, inclusion of a surgical treatment plan, final overbite
magnitude, percentage correction, and total overbite correction. It was considered not
feasible by the design of the study to measure such outcome variables as molar
.classification improvement, facial esthetic improvement, or skeletal improvement and until
some universal, widely-used difficulty/outcome index is created, outcome measures will
remain simplistic. This was not viewed as a limitation of the study because incisal overbite
correction is paramount in the patient’s mind as a major treatment objective. In anterior
open bite patients, usually the chief complaint is, "My front teeth don’t touch." Thus,
failure of treatment, from the perspective of not only the clinician but also the anterior open
bite patient, can be legitimately viewed as a failure in overbite correction.
Difficulties arose in obtaining an adequate post-treatment open bite sample size. All
of the inactive and retention records at the University of Connecticut were examined and
only 140 patients presenting with an anterior open bite were found. This is in keeping with
the overall low incidence of this malocclusion,a Of this sample only 62 patients had T2
lateral head films taken within +/- six months of the deband date. Several of the original
140 patients had no treatment (13%) and even more simply did not have a T2 film in the
record. Often due to problems such as failure on the part of the patient in keeping their
final records appointment and the high frequency of patient transfers that occurs in
residency programs, it is not surprising that so few open bite patients with T2 films were-
patients (15%) no T2 film was taken. Again this finding is suggestive of the difficult
nature of open bite malocclusion correction. Eighteen percent of all inactivated and
retention open bite patients found in one clinic had treatment that was deemed incomplete.
This could be due to a number of factors including: a failure of surgical approval by
insurance carriers, gross patient non-compliance warranting appliance removal, patient
request of appliance removal, or patient relocation. Regardless of the reason, the fact that
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18% of a group of patients with initial open bites had incomplete treatment, suggests that
difficulties in treatment are prevalent in open bite correction.
Unfortunately most of the patients having incomplete treatment also had incomplete
records in that no final cephalogram was taken. This fact stresses the somewhat inherent
sampling bias that is prominent in studies detailing orthodontic treatment outcome.
Unfortunately, most clinicians instinctively do not take final films when treatment was
unsuccessful. Those cases are "swept under the rag" so to speak and are not seen again,
least likely in a retrospective treatment outcome study. The clinician is not solely at fault,
for the typical non-compliant patient in whom treatment, through fault of his own, is
unsuccessful is unlikely to return for a final records appointment or any retention checks.
Thus, when analyzing retrospective treatment outcome studies one must ask the question,
in those patients who have T2 films, are they representative of final treatment effect?
Even with the weight of selection bias, not all of the T2 patients achieved positive
incisal overlap at the end of treatment. Of those 62 open bite patients who had T2 films, 57
obtained a positive overbite by the end of treatment. In order to make within group
comparisons these 62 open bite patients were cut in half based upon the median Bjork Total
for the entire group. Patients with a total under 275 were labeled backward rotators, those
with a total over 275 served as the forward rotators. Again the assumption was made that
the open bite patients who were backward rotators would be more difficult to treat and
hence have a worse overbite treatment outcome than the forward rotators.
" 111(.,LAfter several patients were uropped in order to "-’"" a, and initial open bite., no
significant difference in these two variables existed between the two groups. Since a
failure to reject the fact that there was a difference in age and initial open bite magnitude in
the two groups existed, it was surmised that differences in open bite treatment outcome was
mostly due to the difference in backward and forward rotational tendencies that the two
groups exhibited. In fact, it was revealed that another major difference between the two
groups was the number of patients receiving or requiring surgical correction for their open
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bite. Eighteen of the 29 backward rotators compared to two of the 28 forward rotators
were planned for surgical correction. This observed versus expected outcome was
statistically significant at p < 0.005.
Clinicians have casually believed that the most difficult of malocclusions are best
reserved for surgical correction. Anterior open bite, considered difficult to treat in its own
right due to multifactorial and overlapping etiologies, is sometimes best handled surgically
especially if the open bite is skeletal in nature. Routine open bite cephalometric analysis
has failed to be predictive for open bite tendency,8 and the distinction between dental and
skeletal open bites is cloudy due to overlapping features. Assuming that most surgical
treatment is reserved for skeletal malocclusions, the fact that 62% of the backward rotators
were scheduled for surgery.indicates that the differentiation of groups by Bjork Totals may.
be another aid for the clinician in distinguishing skeletal from dental open bites. Backward
rotational features may help the clinician in obtaining a clear skeletal diagnosis.
Since better success rates are often found with orthognathic surgical correction, this
factor is viewed as a confounding variable. It is unfair to compare the results of surgical
treatment with the results of only orthodontic treatment, therefore, all patients receiving
orthognathic surgery were dropped from the sample. This left only 13 subjects in the
backward rotator group and 26 subjects in the forward rotator group. The mean age and
initial overbite of the two samples were statistically the same. It was important to match-the
groups by these variables so it could not be viewed that the backward rotator group, for
example, had a higher mean age ’-man the
another confounding variable into the study because it is generally perceived that older
patients are harder to treat orthodontically than younger patients. No statistical difference in
age existed between the two groups.
The mean final overbite, percentage correction, and final overbite correction were
all significantly lower in the backward group than in the forward group. However, no
difference in mean treatment length was found between the two groups. An explanation of
81
this finding is that treatment length might not be an adequate measure of treatment
difficulty, assuming that the more difficult the case, the longer the treatment. Routinely in
orthodontics treatment lasts for approximately two years on average. Potential adverse
sequelea from prolonged orthodontic treatment such as gingival inflammation, root
resorption, or decalcification are prevalent in the literature and it is desirable that treatment
duration should not greatly exceed two years. As treatment time increases, the clinician
will usually "speed-up" treatment accepting small compromises in finishing for the greater
benefit of the overall health of the teeth and tissues. Regardless of difficulty of treatment
(assuming that the backward rotators were more difficult in open bite correction) treatment
time was not affected and instead remained rather constant.
Two patients in the backward rotating group had been treatment planned for surgery
but had been denied by their insurance carriers. They had both requested the removal of
their appliances soon after denial and subsequently were left with remaining open bites on
their respective T2 films. These two outliers were dropped from the backward sample,
leaving 11 subjects versus 26 subjects in the forward group. This samplewas also
equivalent for age and initial open bite. Final overbite was ranked on a poor, fair, and
good scale depending on magnitude. No backward rotators received a good score and four
received a poor score. Fisher exact test revealed a significant difference in observed versus
expected ranked scores among the two groups at p = 0.01.
It could be argued that ranking the final overbite measure into a quality scale is
somewhat subjective in nature. However, clinicians use subjective qualifications in
deciding when treatment is finished. It is indeed a soft judgment that is practiced in
determining results of treatment. Practitioners do not routinely utilize a millimeter ruler,
measuring the overbite, and only at exactly two millimeters, remove the appliances.
Instead they use some subjective clinical judgment in deciding when treatment is finished,
and in the case of open bite patients, it is usually dictated by overall length of treatment and
some degree of incisal overlap. Thus, ranking final treatment in this study follows the
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same general practice of clinicians who somewhat subjectively judge their patients in the
determination of orthodontic treatment cessation.
This investigation used unique methodological techniques. First, the dental
overbite in this study was measured by three different methods in order to select the most
appropriate. This preliminary step was done primarily because previous studies were
criticized solely for their method of overbite measurement. In the open bite stability paper
by Lopez-Gavito, et alaS, the authors measured overbite by calculating the distance between
the tip of the mandibular incisor to "the contact point of the opposing hard tissue structure."
This method of overbite measurement was criticized because changes in the subjects’
anteroposterior relationship could alter the measurement.87 Also, the logical manner in
which overbite is measured includes measuring from the incisal edges, and this was not
done in the Lopez-Gavito study.
Since it was decided to measure overbite from upper to lower incisal edge, the only
variables tested in measuring overbite was which reference plane to choose. All planes had
very significant correlations to each other, both when measured at the first and the second
sitting. However, measuring overbite perpendicular to a vertical plumb line possessed the
least measurement error. All lateral head films taken at the University of Connecticut were
taken with the patients in a natural head position, so analysis of vertical structures along a
plumb line was legitimate. Even though the vertical plumb line method was very
reproducible between sittings, it was decided that overbite measure along Na-Me line be
used in--’-puceuures comparing T1 to ro, Since thi mo.thccl also had bfgh co_rrelation
to other measurements and a very low measurement error, it was used instead to guard
against changes in head posture between films.
Another novel aspect of this study was the sample selection. The frequency
distribution of overbite in the original random sample of 299 subjects provided very useful
information concerning further sample selection. This random normal distribution of
overbite was very telling in that the top 10% tail of the distribution were overbites 7 mm
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and above while the bottom 10% of the tail were overbites of 0 mm and less (Fig. 14).
Using these "cut-off’ values, subjects with these representative "extreme" overbites were
chosen to further increase the sample size. Extreme overbites were used and comparisons
made from this sample of 186 patients very similar to the methodology employed by
Skieller, et al9 when they selected their sample to predict mandibular growth rotation.
Their sample of 21 patients also included subjects with more extreme growth pattems and
severe malocclusions than a random sample. Unlike Skieller’s study, the present smdy’s
aim was to determine if there was a relationship between the Bjork predictors of mandibular
rotation and overbite magnitude. This was accomplished using two extreme groups, open
bite and deep bite, and comparing both to each other as well as to a group of patients
exhibiting an average overbite. However, the data concerning open bite, deep bite, and
average overbite magnitude was derived from a random, normal sample of 299 patients
presenting for orthodontic treatmentl
Future Studies
The present study has certainly revealed some interesting data on Bjork predictors
and their relationship to overbite and open bite treatment outcome. However, future studies
are needed to investigate this association further. The study could be taken to another level
by examining the stability of open bite treatment outcome. Although no previous open bite
stability .study has found any pre-treatment
predictor for stability84’ 8s, 86, 87 perhaps the signs of mandibular backward rotation would be
appropriate in differentiating patients who relapsed. Nemeth and Isaacson have already
shown in their sample of 13 relapsed open bite patients that mandibular backward rotation
was a significant component of the relapse tendency.4 It would be interesting to measure
the Bjork Totals on this relapse group’s initial head-films, expecting significantly lower
totals than a comparably treated and matched open bite group who exhibited no relapse.
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Also, in the landmark stability study by Lopez-Gavito, et als5 even though again no pre-
treatment indicator was predictive for open bite relapse, a general trend of larger LFH’s
were found in the relapse group. This is one of Bjork’s structural features.
Perhaps several changes in study design are needed in order to fully explain group
differences in furore studies. Since the incidence of open bite malocclusion is so low a
larger open bite sample population having T2 films may be drawn from the records of a
number of local, long-time practicing orthodontists rather than from records of an
orthodontic residency program. It would be important to draw from clinicians whose
office policy is to take a final film on all subjects, regardless of treatment outcome. This
almost inherent selection bias is very difficult to eradicate from retrospective treatment
outcome studies.
Also, much larger samples are needed in order to successfully stratify the groups
based on a number of variables. It is important to have a large enough grouped sample
where the power of statistical tests is still high. In this fashion, groups may be more
equally matched both in age, gender, growth potential, and extraction pattern. This latter
variable may play a role in the Bjork predictors relationship to open bite treatment outcome
as exemplified by the findings of one study. Although limited in sample size, Katsaros and
Bergs7 found certain pre-treatment differences in their five "unsuccessful" cases compared
to their 15 "successful" cases. Success in this study was failure of open bite closure. They
constructed a regression model consisting of overbite change as the dependent variable and
"
A
v aticlui.,a.pre-treatment facial convexity t-vg and interincisal angle as ,m,epenem -o
They found a statistically significant r of 0.74 suggesting that in patients with a large facial
convexity, when uprighting of the incisors was possible, favorable treatment prognosis
could be predicted. Thus, in the Bjork analysis, factors such as interincisal angle might
need to be weighted and samples matched for extraction pattern. Decreased interincisal
angle, being a Bjork predictor for mandibular backward rotation, might be predictive for
unsuccessful treatment outcome in non-extraction patients, but on the other hand might be
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predictive for successful outcome in extraction patients due to the "drawbridge effect" of
open bite closure. 110
It would also be quite interesting if the Bjork Totals are indeed predictive for
mandibular rotation as Bjork stated. TM Without the benefit of implants for superimposition,
perhaps a simpler analysis could be derived, one detailing the geometric problem of
mandibular rotation and its additive effect on incisor distance required for open bite closure.
All of the sum parts (skeletal and dental as well as mandibular rotation) should be additive
in the vertical plane, providing a vertical counterpart to Johnston’s horizontal "pitchfork
analysis.’’111 This constructed analysis could be used to describe how rotation effects open
bite closure as well as how the Bjork predictors contribute to a poorer outcome.
Finally, the analysis of the Bjork predictors to treatment outcome could be applied
to a group of deep bite patients. Patients exhibiting pre-treatment deep bites would be
easier to find than open bite patients due to their higher incidence. Like in the present
study, one would hypothesize that among patients with deep bites, those with more
features of backward rotation would derive a more successful deep bite correction than
those with forward rotating features.
CONCLUSION
(1). The results of this study indicate that at least five of the seven Bjork predictors
coma be objectively measured by ulrect means. n mc,muu, of +u" condyle and
mandibular canal shape, being very difficult to observe on a cephalogram, were unreliable
predictors in that investigators were unable to distinguish if the features were characteristic
of backward or forward rotators.
(2). The results of this study suggest that there is a relationship of Bjork predictors
with the magnitude of overbite when comparing an open bite, an average overbite, and a.
deep bite group.
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(3). Finally, the results of this study indicate that five of the Bjork predictors of
mandibular rotation, when taken in sum, are predictive for type of treatment received
(surgical versus non-surgical) as well as overbite treatment outcome in a group of
orthodontically treated open bite patients. These Bjork predictors seem to typify the extent
of the skeletal vertical malocclusion and may be indeed predictive for treatment response.
Appendix I- Figures
Open Bite with
Backward Rotation
Figure 1" The relationship between mandibular backward rotation and anterior open bite
correction. The total open bite correction required is greater with backward rotation.
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A B C
Vertical Nasion- Down’s
Plumb Mention Occlusal
Line Line Plane
Figure 2: Techniques for overbite measurement. (A) Dental overbite as measured
perpendicular to vertical plumb line. (B) Dental overbite as measured perpendicular to
Nasion-Menton line. (C) Dental overbite as measured perpendicular to Down’s Occlusal
Plane
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Figure 3: Bjork predictor’direct measurements. (1) interincisal angle, (2) intermolar angle,
(3) lower facial height measured perpendicular to S-N minus 7.
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Figure 4: Antegonial notch depth, a direct measure analogous to the Bjork predictor, lower
border morphology (from Singer, et al, 1987).
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Figure 5: Skieller angle, a direct measure of the Bjork predictor, symphysis inclination.
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Tangent at B Poi,
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Symphysis
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Symphysis
Depth
Figure 6: Symphysis height and depth, direct measures of the Bjork predictor, symphysis
morphology. Not pictured is symphysis ratio (height/depth) (from Aki, et al, 1994).
M Symphysis
f
Plane
-, an [./ B point
Menton
Figure 7" Symphysis angle, a direct measure of the Bjork predictor, symphysis
morphology (fromAki, etal, 1994).
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()Condyle
ID#: )SymphysisMandibular Canal
()Lower Border
Backward Average Forward t)Gestalt
Figure 8: Visual Analog Scale (VAS) for recording forward or backward mandibular
rotation tendency (100 millimeter line).
Figure 9" Example of blocked-out image.of condyle for VAS scoring.
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Figure 10: Example of blocked-out image of mandibular canal for VAS scoring.
Figure 11" Example of blocked-out image of symphysis shape for VAS scoring
95
Figure 12" Example of blocked-out image of mandibular lower border shape for VAS
scoring.
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Figure 13: Example of blocked-out image of overall Gestalt of growth rotation for VAS
scoring.
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Frequency Distribution of Overbite
6o
5o
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Overbite (mm)
Frequency
Figure 14" Frequency distribution of overbite in random sample (N = 299). Sampling cut-
off values"
Open Bite Group: < 0.0 mm overbite
Middle Group: 3.5 to 4.25 mm overbite
Deep Bite Group: > 7.0 mm overbite
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Overall Overbite Distribution
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Figure 15" Overall overbite distribution (N- 186)
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Figure 16" Mean age among different overbite groups.
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Interincisal Angle
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Figure 17: Mean interincisal angle among the different overbite groups.
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Intermolar Angle
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Figure 18" Mean intermolar angle among the different overbitegroups.
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Figure 19" Mean antegonial notch depth among the different overbite groups.
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Skieller Angle
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Figure 20: Mean Skieller angle among the different overbite groups.
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Symphysis Height
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Figure 21" Mean symphysis height among the different overbite groups.
Symphysis Depth
10
Open Average Deep
Open
Average
Deep
Figure 22: Mean symphysis depth among the different overbite groups.
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Ratio of Symphysis Height/Depth
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Figure 23" Mean symphysis ratio among the different overbite groups.
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Symphysis Angle
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Figure 24: Mean symphysis angle among the different overbite groups.
Lower Facial Height
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Figure 25" Mean lower facial height among the different overbite groups.
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Condyle’ (3) Mean Histogram
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Figure 26: Mean condylar inclination VAS score among the different overbite groups.
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Mandibular Canal’ (3) Mean Histogram
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Figure 27" Mean canal curvature VAS score among the different overbite groups.
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Symphysis’ (3) Mean Histogram
60
50
, 40
30
20
[] Sym’ Open
Sym’ Aveg
[] Sym’ Deep
10
Sym’ Open Sym’ Aveg Sym’ Deep
Figure 28" Mean symphysis morphology VAS score among the different overbite groups.
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Mandibular Border’ (3) Mean Histogram
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Figure 29: Mean lower border morphology VAS score among the different overbite
groups.
113
Gestalt’ (3) Mean Histogram
8O
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6O
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Table 30: Mean gestalt VAS score among the different overbite groups.
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Percentage Overbite Variability
from Regression Model (41%)
Percentage Overbite Variability
from Regression Model (52%)
Gestalt
11%
Percentage Overbite Variability
from Regression Model (55%)
Percentage Overbite Variability
from Regression Model (61%)
LFH Gestalt
3% 11%
I.M.
6% LFH Gestalt
3% 11%
Percentage Overbite Variability
from Regression Model (62%)
Sym D
1% I.M. LFH Gestalt
6% 3% 11%
Figure 31" Percent overbite variability due to cumulative Bjork predictors.
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Bjork Total Mean
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Figure 32" Mean Bjork Total among the different overbite groups.
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Bjork Total (T2) Histogram (N 62)
16
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Bjork Total Score
[] Frequency
Figure 33" Frequency distribution of Bjork Total among open bite (T2) sample (N 62).
Patients with Total less than 275 -"backward rotator". Patients with Total greater than
275 -"forward rotator".
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Number of Patients Receiving or Requiring Surgery in Backward
vs. Forward Group
16-
,,-12-
8-
4-
0
Backward Forward
Bjork Bjork
Total Total
.(62%) (7%)
Figure 34: Number of patients receiving or requiring surgery in backward vs. forward
group in open bite (T2) sample (N- 57).
118
Mean Final Overbite-Backward vs. Forward Rotators
(n=13/26)
2.00
1.50
"
1.00
0.50
o.oo
-0.50
Final OB-Backward
Final OB-Forward
-1.00
-1.50
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Figure 35" Mean final overbite of backward vs. forward group (N- 39).
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Mean % Correction-Backward vs. Forward Rotators
(N=13/26)
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Figure 36: Mean percent overbite correction in backward vs. forward group (N 39).
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Mean Total Open Bite Correction-Backward vs. Forward
Rotators (N=13/26)
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Figure 37: Mean total open bite correction in backward vs. forward group (N 39).
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Frequency of Quality of Outcome- Final Overbite
(N=11/26)
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Figure 38" Frequency of quality of outcome in final overbite in open bite (T2) patients with
all surgical candidates dropped.
Poor = < 1 mm Final
Fair = 1 1.75 mm Final
Good = > 1.75 mm Final
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(A)
4- 4-
Figure 39: Two lower mandibular borders. (A) Forward rotator, showing pronounced
apposition (+) below anterior part of mandible producing anterior rounding with a trick
cortical layer. (B) Backward rotator showing resorption (-) of anterior part of mandible
resulting in deep antegonial notch and anterior linear shape (from Segner and Hasund,
1991).
Appendix II" Tables
Table 1" Correlation coefficients for three methods of overbite measurement (two trials)
Correlation
Table
Trial A
Trial A
Trial A
Trial B
Trial B
Trial B
N-Me
Vertical
Down’s
OP
N-Me
Vertical
Down’s
OP
Trial A Trial A Trim A
N-Me Vertical Down’s
OP
X X X
0.99 X X
0.99 0.98 X
0.99 0.99 0.98
0.98 0.98 0.99
0.99 0.98 0.99
Trial B Trial B Trim B
N-Me Vertical Down’s OP
X X X
X X X
X X X
X X X
0.99 X X
0.99 0.99 X
Table 2: Intra-observer error and correlation between the same overbite measurement for
each trial (A & B)
Measurement
Error
Analysis
Standard Errorl
Mean Difference[
Correlation
N-Me Vertical Down’s OP
0,23 0.22 0,28
-0.07 0.00 -0.09
0.99 0.98 0.99
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Table 3" Descriptive statistics of overbite in random sample (N 299)
Descriptive
Statistics
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Overbite
4.00
0.17
4.45
0
2.89
8.36
1.73
-0.81
21.53
-8.83
12.7
1197.11
299
0.33
Table 4" Relevant sample characteristics for different overbite groups
Sample Characteristics
N
Males
Females
Mean Overbite
ota,u,d r,,,," .,..Jvlauw,
Overbite
Me Age
Standd Deviation Age
Open
59
22
37
-3.34
QAQ
14.74
5.51
Average
65
22
43
3.92
13.60
6.02
Deep
62
39
23
8.43
1.26
13.86
6.22
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Table 5" Descriptive statistics for age (years) among different overbite groups
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Age Open
14.74
0.72
14.01
18.00
5.51
30.38
0.75
1.04
23.04
7.02
30.06
869.88
59.00
1.44
Age Average
13.60
0.75
12.05
11.09
6.02
36.25
21.48
4.14
42.08
8.00
50.08
884.08
65.00
1.49
Age Deep
13.86
0.79
12.05
11.09
6.22
38.70
10.35
3.15
34.00
8.05
42.05
859.38
62.00
1.58
Table 6" ANOVA of age among the different overbite groups showing no difference
SUMMARY
Groups Count Sum Average Variance
Age Open 59 869.88 14.74 30.38
Age Average 65 884.08 13.60 36.25
Age Deep 62 859.38 13.86 38.70
ANOVA
Source of Variation S S df MS F P-value F crit
Between Groups 43.70 2 21.85 0.62
Within Groups 6443.01 183 35.21
Total 6486.71 185
0.54 3.05
Age the Same
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Table 7" Correlation coefficients of direct measures with age (N 186)
Age
AG Notch
Skieller
Sym H
Sym D
Ratio
Sym Ang
LFH
I.I.
I.M.
Age
1
0.22
0.07
0.33
0.06
0.27
-0.21
0.31
0.03
-0.26
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Table 8: T-tests of mean overbite of males and females for the different overbite groups.
All show no difference in mean overbite.
t-Test: Two-Sample Assuming Equal Variances
OB Female
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
-3.16
5.01
37.00
6.17
0.00
57.00
0.75
0.23
1.67
0.46
2.00
OB Male
-3.66
8.16
22.00
t-Test: Two-Sample Assuming Equal Variances
AVFemale
Mean 3.90
Variance 0.06
Observations 43.00
Pooled Variance 0.06
Hypothesized Mean Difference 0.00
df 63.00
t Stat -0.72
P(T<=t) one-tail 0.24
t Critical one-tail 1.67
P(T<=t) two-tail 0.4 7
t Critical two-tail 2.00
AVMale
3.95
0.06
22.00
t-Test: Two-Sample Assuming Equal Variances
DB Female
Mean 8.18
Variance 1.16
Observations 23.00
Pooled Variance 1.57
Hypothesized Mean Difference 0.00
df 60.00
t Stat -1.19
P(T<=t) one-tail 0.12
t Critical one-tail 1.67
P(T<=t) two-tail 0:2 4
t Critical two-tail 2.00
DB Male
8.58
1.81
39.00
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Table 9: Descriptive statistics for interincisal angle (degrees) among the different overbite
groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
I.I. Open
118.47
1.73
119.00
127.00
13.30
176.77
0.30
0.21
66.00
85.00
151.00
6990.00
59.00
3.46
I.I. Average
131.49
1.15
132.00
134.00
9.25
85.47
0.24
-0.41
45.00
108.00
153.00
8547.00
65.00
2.29
I.I. Deep
142.32
1.97
139.00
134.00
15.49
239.96
-0.46
0.31
67.00
113.00
180.00
8824.00
62.00
3.93
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Table 10: ANOVA and ad hoc t-tests of interincisal angles among the different overbite
groups.
Anova: Single Factor
Interincisal Angle
SUMMARY
Groups Count Sum Average Variance
I.I. Open
I.I. Average
I.I. Deep
59 6990 118.47 176.77
.65 8547 131.49 85.47
62 8824 142.32 239.96
ANOVA
Source of Variation
Between Groups
Within Groups
SS df MS
17220.36 2.00 8610.18
30360.51 183.00 165.90
Total 47580.87 185.00
F
51.90
P-value
0.00
F crit
3 .05
t-Test: Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
LI. Open I.I.
Average
118.47 131.49
176.77 85.47
5900 65.00
0.00
102.00
-6.27
0.00
2.15
0.00
2.43
I.I.
Average
131.49
85.47
65.00
0.00
99.00
-4.76
0.00
2.15
0.00
2.43
LL Deep
142.32
239.96
62.00
LL Open
118.47
176.77
59.00
0.00
118.00
-9.10
0.00
2.15
0 0 n
2.42
I.I.
Deep
142.32.
2.39.96
62.00
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Table 11" Descriptive statistics for intermolar angle (degrees) among different overbite
groups.
Descriptive Stats
iMean
Standard Error
Median
’Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
I.M. Open
171.68
0.77
173.00
173.00
5.88
34.53
1.52
-1.22
29.00
151.00
180.00
10129.00
59.00
1.53
I.M. Average
176.18
0.35
177.00
178.00
2.86
8.15
0.35
-0.84
11.00
169.00
180.00
11452.00
65.00
0.71
I.M. Deep
176.87
0.35
177.00
179.00
2.78
7.72
4.31
-1.81
14.00
166.00
180.00
10966.00
62.00
0.71
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Table 12: ANOVA and ad hoc t-tests of intermolar angle among the different overbite
groups.
Anova: Single Factor
Intermolar Angle
SUMMARY
Groups Count Sum
I.M. Open 59 10129
I.M. Average 65 11452
I.M. Deep 62 10966
Average
171.68
176.18
176.87
Variance
34.53
8.15
7.72
ANOVA
Source of Variation S S df
Between Groups 959.32 2
MS
479.66
F
29.30
P-value
0.00
F crit
3.05
Within Groups 2995.63 183
Total 3954.95 185
16.37
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Cfitic one-tail
P(T<=t) two-tail
t Critical two-tail
I.M. I.M.
Open Average
171.68 176.18
34.53 8.15
59.00 65.0O
0.00
82.00
-5.35
0.00
2.16
0.00
2.44
I.m.
Average
176.18
8.15
65.00
0.00
125.00
-1.37
0.09
2.14
0.17
2.42
LM. Deep
176.87
7.72
62.00
I.m.
Open
171.68
34.53
59.00
0.00
82.00
-6.16
0.00
2.16
0.00
2.44
LM. Deep
176.87
7.72
62.00
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Table 13" Descriptive statistics of antegonial notch depth (mm) among different overbite
groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
AgN Open
2.42
0.19
2.27
2.27
1.47
2.15
4.74
1.68
8.13
0.00
8.13
142.63
59.00
0.38
AgN Average
1.63
0.10
1.68
1.14
0.77
O.59
0.39
0.35
3.62
0.00
3.62
106.03
65.00
0.19
AgN Deep
1.45
0.12
1.39
0.00
0.95
0.91
1.53
1.03
4.72
0.00
4.72
90.19
62.00
0.24
133
Table 14: ANOVA and ad hoc t-tests of antegonial notch depth among different overbite
groups.
Anova: Single Factor
Antegonial Notch
SUMMARY
Groups Count Sum
AgN Open 59 142.63
AgN Average 65 106.03
AgN Deep 62 90.19
Average
2.42
1.63
1.45
Variance
2.15
0.59
0.91
ANOVA
Source of Variation S S df MS F P-value F crit
Between Groups 31.65 2
Within Groups 217.44 183
Total 249.09 185
15.83
1.19
13.32 0.00 3.05
t-Test: Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
AgN AgN
Open Average
2.42 1.63
2.15 0.59
59.00 65.00
0.00
86.00
3.69
0.00
2.15
0.00
2.43
AgN
Average
1.63
0.59
65.00
0.00
117.00
1.15
0.13
2.15
2.42
AgN
Deep
1.45
0.91
62.00
AgN
Open
2.42
2.15
59.00
0.00
99.00
4.26
0.00
2.15
0.00
2.43
AgN
Deep
1.45
0.91
62.00
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Table 15" Descriptive statistics of Skieller angle (degrees) among different overbite groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Sk Open
80.17
1.25
81.00
82.00
9.59
92.01
-0.72
-0.08
38.00
62.00
100.00
4730.00
59.00
2.50
Sk Average
83.92
0.96
83.00
80.00
7.72
59.63
-0.05
0.17
36.00
64.00
100.00
5455.0O
65.00
1.91
Sk Deep
89.50
1.12
88.50
85.00
8.84
78.06
0.45
0.12
47.00
66.00
113.00
5549.OO
62.00
2.24
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Table 16: ANOVA and ad hoc t-tests of Skieller angle among different overbite groups.
Anova: Single
Factor
Skieller Angle
SUMMARY
Groups Count Sum Average Variance
Sk Open
Sk Average
Sk Deep
59 4730 80.17 92.01
65 5455 83.92 59.63
62 5549 89.50 78.06
ANOVA
Source of Variation
Between Groups
Within Groups
ss d
2676.53 2
13914.42 183
Total 16590.95 185
MS
1338.26
76.04
F
17.60
P-value
0.00
F crit
3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=tl two-tall
t Critical two-tail
Sk Open Sk
Average
80.17 83.92
92.01 59.63
59.00 65.00
0.00
111.00
-2.39
0.01
2.15
00
2.42
Sk
Average
83.92
59.63
65.00
0.00
121.00
-3.78
0.00
2.14
0.00
2.42
Sk Deep
89.50
78.06
62.00
Sk Open
80.17
92.01
59.00
0.00
117.00
-5.56
0.00
2.15
0.00
2.42
Sk Deep
89.50
78.06
62.00
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Table 17" Descriptive statistics of symphysis height (mm) among different overbite groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range,
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
SH Open
22.86
0.50
22.95
24.45
3.85
14.79
-0.38
0.21
15.69
15.59
31.28
1348.80
59.00
1.00
SH Average
19.77
0.27
19.43
23.62
2.15
4.64
1.48
0.72
12.04
15.54
27.58
1285.02
65.00
0.53
SH Deep
19.63
0.38
19.27
18.13
3.01
9.07
-0.22
O.56
12.37
14.74
27.11
1217.09
62.00
0.76
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Table 18: ANOVA and t-tests of symphysis height among different overbite groups.
Anova: Single Factor
Symphysis Height
SLrMMARY
Groups Count Sum Average Variance
SH Open
SH Average
SH Deep
59 1348.80 22.86 14.79
65 1285.02 19.77 4.64
62 1217.09 19.63 9.07
ANOVA
Source of Variation
Between Groups
Within Groups
ss d
402.72 2
1708.31 183
Total 2111.03 185
MS
201.36
9.34
F
21.57
P-value
0.00
F crit
3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
(’ TT
Open Average
22.86 19.77
14.79 4.64
59.00 65.00
0.00
89.00
5.45
0.00
2.15
0.00
2.43
SH SHDeep
Average
19.77 19.63
4.64 9.07
65.00 62.00
0.00
110.00
0.30
0.38
2.15
0.77
2.42
SH
Open
22.86
14.79
59.00
0.00
110.00
5.13
0.00
2.15
0.00
2.42
SHDeep
19.63
9.07
62.00
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Table 19: Descriptive statistics of symphysis depth (mm) among different overbite groups.
Descriptive Stats
iMean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
SD Open
15.99
0.28
15.93
17.63
2.13
4.53
-0.81
-0.10
8.74
11.31
20.05
943.6O
59.00
0.55
SD Average
15.46
0.23
15.04
17.67
1.84
3.39
3.02
1.11
10.62
11.94
22.56
1004.62
65.00
0.46
SD Deep
16.56
0.25
16.35
15.11
1.93
3.72
0.28
0.49
9.30
12.77
22.07
1026.80
62.00
0.49
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Table 20: ANOVA and t-tests of symphysis depth among different overbite groups.
Anova: Single Factor
Symphysis Depth
SUMMARY
Groups Count Sum
SD Open 59 943.60
SD Average 65 1004.62
SD Deep 62 1026.80
Average
15.99
15.46
16.56
Variance
4.53
3.39
3.72
ANOVA
Source of Variation S S df MS F P-value F crit
Between Groups 38.79 2
Within Groups 707.37 183
Total 746.16 185
19.39
3.87
5.02 0.01 3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Average
15.99 15.46
4.53 3.39
59.00 65.00
0.00
115.00
1.50
0.07
2.15
0.14
2.42
Average
15.46
3.39
65.00
0.00
124.00
-3.30
0.00
2.14
0.00
2.42
16.56
3.72
62.00
SD Open
15.99
4’53
59.00
0.00
116.00
-1.54
0.06
2.15
0.13
2,
SD Deep
16.56
3.72
62.00
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Table 21" Descriptive statistics of symphysis ratio among different overbite groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Ratio Open
1.45
0.04
1.41
N/A
0.29
0.08
6.46
1.92
1.78
0.98
2.77
85.36
59.00
0.08
Ratio Average
1.29
0.02
1.28
N/A
0.19
0.04
0.07
O.66
0.83
1.00
1.82
84.07
65.00
0.05
Ratio Deep
1.19
0.02
1.20
N/A
0.15
0.02
0.49
0.52
0.74
0.91
1.64
73.71
62.00
0.04
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Table 22: ANOVA and t-tests of symphysis ratio among different overbite groups.
Anova: Single Factor
Symphysis Ratio
SUMMARY
Groups
Ratio Open
Ratio Average
Ratio Deep
Count Sum Average Variance
59 85.36 1.45 0.08
65 84.07 1.29 0.04
62 73.71 1.19 0.02
ANOVA
Source of Variation
Between Groups
Within Groups
ss d
2.03 2
8.59 183
Total 10.62 185
MS
1.02
0.05
F
21.62
P-value
0.00
F crit
3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Ratio
Open Average
1.45 1.29
O.O8 0.O4
59.OO 65.OO
0.00
98.00
3.44
0.00
2.15
0.00
2.43
ll.,l,I,U
Average
1.29
0.04
65.00
0.00
121.00
3.46
0.00
2.14
0.00
2.42
Deep
1.19
0.02
62.00
Ratio
Open
1.45
0.08
59.00
0.00
86.00
6.08
0.00
2.15
0.00
.D
Ratio
Deep
0.02
62.00
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Table 23: Descriptive statistics of symphysis angle (degrees) among different overbite
groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence.
Level(95.0%)
SAng Open
78.66
1.10
80.00
80.00
8.43
71.06
-0.40
0.13
36.00
61.00
97.00
4641.00
59.00
2.20
SAng Average
80.11
0.77
80.00
78.00
6.17
38.10
0.74
0.63
32.00
69.00
101.00
5207.00
65.00
1 .53
S Ang Deep
80.35
0.69
80.50
80.00
5.44
29.64
0.22
-0.13
28.00
65.00
93.00
4982.00
62.00
1.38
Table 24: ANOVA of symphysis angle among different overbite groups.
Anova: Single Factor
Symphysis Angle
SUMMARY
Groups Count Sum Average Variance
S Ang Open
SAng Average
S Ang Deep
59 4641 78.66 71.06
65 5207 80.11 38.10
62 4982 80.35 29.64
ANOVA
Source of
Variation
Between
Groups
Within Groups
ss df
100.90 2
8367.66 183
MS
50.45
45.72
F
1.10
P-value
0.33
F crit
3.05
Total 8468.56 185
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Table 25" Descriptive statistics of lower facial height (mm) among different overbite
groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
LFH Open
72.96
1.11
72.25
N/A
8.54
72.97
0.36
0.41
41.80
57.47
99.27
4304.40
59.00
2.23
LFH Average
63.72
0.67
63.39
N/A
5.43
29.49
0.63
0.43
28.26
51.45
79.71
4141.93
65.00
1.35
LFH Deep
63.95
0.85
62.81
54.50
6.70
44.87
0.34
0.51
31.93
49.14
81.07
3964.90
62.00
1.70
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Table 26" ANOVA and t-tests of lower facial height among different overbite groups.
Anova: Single Factor
Lower Facial
Height
SUMMARY
Groups Count Sum Average Variance
LFH Open
LFH Average
LFH Deep
59 4304.40 72.96 72.97
65 4141.93 63.72 29.49
62 3964.90 63.95 44.87
ANOVA
Source of Variation
Between Groups
Within Groups
ss
3354.26 2
8856.57 183
Total 12210.8 185
2
MS
1677.13
48.40
F
34.65
P-value
0.00
F crit
3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
LFH LFt
Open
72.96 63.72
72.97 29.49
59.00 65.00
0.00
97.00
7.10
0.00
2.15
0.00
2.43
LFH
Average
63.72
29.49
65.00
0.00
117.00
-0.21
0.42
2.15
0.83
2.42
LFH
Deep
63.95
44.87
62.00
LFH
Open
72.96
72.97
59.00
0.00
110.00
6.43
0.00
2.15
0.00
2.42
LFH
Deep
63.95
44.87
62.00
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Table 27: Significant differences existing between three investigators (1, 2, 3) measuring
indirect Bjork predictors on visual analog scale (g: means no significant differences between
the same measures among the particular investigators).
Condyle VAS
Symphysis VAS
Canal VAS
Border VAS
Gestalt VAS
Open
No difference
1 ; (2 3)
1 g: (2 3)
13
12
Average
13
1 :g: (2 = 3)
1:3
No difference
132
Deep
No difference
132
2;e3
No difference
2 g: (3 1)
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Table 28" Condylar inclination VAS--Open bite group 3 investigator comparison.
Anova: Single Factor
3 Investigator Comparison-Open Bite
Condyle’
SUMMARY
Groups Count Sum
ER’Cond’ Open 59 3399.25
AK-Cond’ Open 59 2778.37
SM-Cond’ Open 59 2970.21
Average Variance
57.61 848.94
47.09 372.96
50.34 301.54
ANOVA
Source of Variation
Between Groups
Within Groups
ss d
3425.81 2
88359.89 174
Total 91785.70 176
MS
1712.91
507.82
F P-value F crit
3.37 0.04 3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
No Difference
ER Cond AK Cond
57.61 47.09
848.94 372.96
59.00 59.00
0.00
101.00
2.31
0.01
2.15
0.02
2.43
AK Cond
47.09
372.96
59.00
0.00
115.00
-0.96
0.17
2.15
0.34
SM Cond
50.34
301.54
59.OO
ER Cond SM Cond
57.61 50.34
848.94 301.54
59.00 59.00
0.00
95.00
1.65
0.05
2.15
0.10
2.43
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Table 29: Condylar inclination VAS--Average overbite group 3 investigator comparison.
Anova: Single Factor
3 Investigator Comparison-Average Bite
Condyle’
SUMMARY
Groups Count Sum Average Variance
ER-Cond’ Average 65
AK-Cond’ Average 65
SM-Cond’ Average 65
3916.64 60.26 648.29
3575.04 55.00 268.36
3222.45 49.58 185.98
ANOVA
Source of Variation
Between Groups
Within Groups
SS
3707.13
70568.31
Total 74275.43
df MS
2 1853.56
192 367.54
194
F P-value F crit
5.04 0.01 3.04
t-Test: Two-Sample Assuming Unequal
Variances
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
ER Cond
60.26
648.29
65.00
0.00
109.00
1.40
0.08
2.15
0.16
2.42
AK Cond
55.00
268.36
65.00
AK Cond SM Cond
55.00 49.58
268.36 185.98
65.00 65.00
0.00
124.00
2.05
0.02
2.14
0.04
2
ER Cond SM Cond
60.26 49.58
648.29 185.98
65.00 65.00
0.00
98.00
2.98
0.00
2.15
0.00
2.43
Small Difference: ER-SM
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Table 30: Condylar inclination VAS--Deep bite group 3 investigator comparison.
Anova: Single Factor
3 Investigator Comparison-Deep Bite
Condyle’
SUMMARY
Groups Count Sum Average Variance
ER-Cond’ Deep 62 3853.21
AK-Cond’ Deep 62 3478.97
SM-Cond’ Deep 62 3321.54
62.15
56.11
53.57
593.75
224.41
151.16
ANOVA
Source of Variation
Between Groups
Within Groups
ss df
2406.00 2
59128.31 183
Total 61534.31 185
MS
1203.00
323.11
F P-value F crit
3.72 0.03 3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
ER Cond AK Cond
62.15 56.11
593.75 224.41
62.00 62.00
0.00
101.00
1.66
0.05
2.15
0.10
2,,
AK Cond SM Cond
56.11 53.57
224.41 151.16
62.00 62.00
0.00
118.00
1.03
0.15
2.15
0.30
2,-
ER Cond SM Cond
62.15 53.57
593.75 151.16
62.00 62.00
0.00
90.00
2.47
0.01
2 15
0.02
2ao
No ’Difference
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Table 31" Symphysis morphology VAS--Open bite group 3 investigator comparison.
Anova: Single
Factor
3 Investigator Comparison-Open Bite
Symphysis’
SUMMARY
Groups Count Sum
ER-Sym’ Open 59 1324.45
AK-Sym’ Open 59 2391.81
SM-Sym’ Open 59 2576.69
Average Vadance
22.45 466.68
40.54 721.04
43.67 381.45
ANOVA
Source of Variation
Between Groups
Within Groups
ss dy
15488.80 2
91012.12 174
Total 106500.9 176
2
MS
7744.40
523.06
F
14.81
P-value
0.00
F crit
3.05
t-Test: Two-Sample Assuming Unequal
v H.l?ltlIit.;S
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
ER Sym AK Sym
22.45 40.54
466.68 721.04
59.00 59.00
0.00
111.00
-4.03
0.00
2.15
0.00
2.42
AK Sym
40.54
721.04
59.00
0.00
106.00
-0.72
0.24
2.15
0.47
2.42
SM Sym
43.67
381.45
59.OO
ER Sym
22.45
466.68
59.00
0.00
115.00
-5.60
0.00
2.15
0.00
2.42
SM Sym
43.67
381.45
59.O0
Difference ER w/ AK-SM
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Table 32: Symphysis morphology VAS--Average overbite group 3 investigator
comparison.
Anova: Single Factor
3 Investigator Comparison-Average Bite
Symphysis’
SUMMARY
Groups Count Sum Average Variance
ER-Sym’ Aveg 65 1874.09 28.83
AK-Sym’ Aveg 65 3263.99 50.22
SM-Sym’ Aveg 65 3327.83 51.20
693.75
558.10
363.16
ANOVA
Source of Variation S S df MS F P-value F crit
Between Groups 20765.38 2 10382.69
Within Groups 103360.10 192 538.33
Total 124125.48 194
19.29 0.00 3.04
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
P(T<=t) two-tail
t Critical two-tail
ER Sym
28.83
693.75
65.OO
0.00
127.00
-4.87
0.00
2.14
0,00
2.42
AK Sym
50.22
558.10
65.OO
AK Sym
50.22
558.10
65.OO
0.00
123.00
-0.26
0.40
9_.14
0,79
2.42
SM Sym
51.20
363.16
65.OO
ER Sym
28.83
693.75
65.OO
0.00
117.00
-5.55
0.00
2.!5
0,00
2.42
SM Sym
51.20
363.16
65.O0
Difference ER w/ AK-SM
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Table 33" Symphysis morphology VAS--Deep bite group 3 investigator comparison.
Anova: Single
Factor
3 Investigator Comparison-Deep Bite
Symphysis’
SUMMARY
Groups Count Sum
ER-Sym’ Deep 62 2307.32
AK-Sym’ Deep 62 4197.67
SM-Sym’ Deep 62 3572.78
Average Variance
37.21 975.37
67.70 487.29
57.63 229.13
ANOVA
Source of Variation
Between Groups
Within Groups
ss d
29921.03 2
103198.83 183
Total 133119.86 185
MS
14960.52
563.93
F P-value F crit
26.53 0.00 3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
tw-, two-tail
t Critical two-tail
All Different
ER Sym AK Sym
37.21 67.70
975.37 487.29
62.00 62.00
0.00
110.00
-6.28
0.00
2.15
0.00
2.42
AK Sym
67.70
487.29
62.00
0.00
108.00
2.96
0.00
2.15
0o00
2.42
SM Sym
57.63
229.13
62.00
ER Sym SM Sym
37.21 57.63
975.37 229.13
62.00 62.00
0.00
88.00
-4.63
0.00
2.15
0.00
2.43
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Table 34: Canal curvature VAS--Open bite group 3 investigator comparison.
Anova: Single
Factor
3 Investigator Comparison-Open Bite
Canal’
SUMMARY
Groups Count Sum
ER-Canal’ Open 59 2922.64
AK-Canal’ Open 59 2159.79
SM-Canal’ Open 59 2018.63
Average Variance
49.54 1017.06
36.61 530.92
34.21 150.36
ANOVA
Source of Variation
Between Groups
Within Groups
ss df
8017.53 2
98503.81 174
Total 106521.34 176
MS
4008.76
566.11
F
7.08
P-value
0.00
F crit
3.05
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
ER Canal AK Canal
49.54 36.61
1017.06 530.92
59.00 59.00
0.00
106.00
2.52
0.01
2.15
0.01
2.42
AK Canal
36.61
530.92
59.00
0.00
88.00
0.70
0.24
2.15
0.48
2.43
SM Canal
34.21
150.36
59.00
ER Canal
49.54
1017.06
59.00
0.00
75.00
3.44
0.00
2.16
0.00
2.44
SM
Canal
34.21
150.36
59.00
Difference ER to AK-SM
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Table 35" Canal curvature VAS--Average overbite group 3 investigator comparison.
Anova: Single
Factor
3 Investigator Comparison-Average Bite
Canal’
SUMMARY
Groups Count Sum
ER-Canal’ Aveg 65 3503.52
AK-Canal’ Aveg 65 2986.73
SM-Canal’ Aveg 65 2512.13
Average Variance
53.90 1032.94
45.95 527.54
38.65 171.50
ANOVA
ource of Variation
Between Groups
Within Groups
SS df MS
7564.97 2 3782.49
110846.67 192 577.33
Total 118411.65 194
F
6.55
P-value
0.00
F crit
3.04
t-Test: Two-Sample Assuming Unequal
Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Difference ER-SM
ER Canal AK
Canal
53.90 45.95
1032.94 527.54
65.00 65.00
0.00
116.00
1.62
0.05
2.15
0.11
2.42
AK
Canal
45.95
527.54
65.00
0.00
102.00
2.23
0.01
2.15
0.03
2.43
SM Canal
38.65
171.50
65.00
ER Canal
53.90
1032.94
65.0O
0.00
85.00
3.54
0.00
2.15
0.00
2.43
SM Canal
38.65
171.50
65.00
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Table 36: Canal curvature VAS--Deep bite group 3 investigator comparison.
Anova: Single Factor
3 Investigator Comparison-Deep Bite
Canal’
SUMMARY
Groups Count Sum Average
ER-Canar Deep 62 2897.74 46.74
AK-Canal’ Deep 62 2964.46 47.81
SM-Canal’ Deep 62 2318.15 37.39
Variance
894.24
537.69
145.14
ANOVA
Source of Variation
Between Groups
Within Groups
SS df MS
4075.79 2 2037.90
96200.84 183 525.69
Total 100276.63 185
F P-value F crit
3.88 0.02 3.05
t-Test: Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
46.74 47.81
894.24 537.69
62.00 62.00
0.00
115.00
-0.22
0.41
2.15
0.82
-Difference AK and SM
AK
Canal
47.81
537.69
62.00
0.00
92.00
3.14
0.00
2.15
0.00
2.4"D
.SM Canal
37.39
145.14
62.00
ER Canal SM Canal
46.74 37.39
894.24 145.14
62.00 62.00
0.00
80.00
2.28
0.01
2.16
0.03
2.44
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Table 37: Lower border morphology VAS--Open bite group 3 investigator comparison.
Anova: Single Factor
3 Investigator Comparison-Open Bite Border’
SUMMARY
Groups Count Sum Average
ER-Bord’ Open 59 1682.63 28.52
AK-Bord’ Open 59 1911.04 32.39
SM-Bord’ Open 59 2573.67 43.62
Variance
801.97
750.53
568.86
ANOVA
Source of Variation SS df MS
7261.10 2 3630.55
123038.96 174 707.12
Between Groups
Within Groups
Total 130300.05 176
F P-value F crit
5.13 0.01 3.05
t-Test: Two-Sample Assuming Unequal Variances
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
ER Bord AK Bord
2g52 32.39
801.97 750.53
59.00 59.00
0.00
116.00
-0.75
0.23
2.15
0.45
2.42
AK Bord
32.39
750.53
59.00
0.00
114.00
-2.37
0.01
2.15
0.02
2.42
SM Bord
43.62
568.86
59.00
ER Bord SM Bord
28.52 43.62
801.97 568.86
59.00 59.00
0.00
113.00
-3.13
0.00
2.15
0.00
2.42
Difference ER and SM
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Table 38" Lower border morphology VAS--Average overbite group 3 investigator
comparison.
Anova: Single Factor
3 Investigator Comparison-Average Bite
Border’
SUMMARY
Groups Count Sum Average Vaance
ER-Bord’ Aveg 65 3270.60 50.32 1018.97
AK-Bord’ Aveg 65 3546.30 54.56 708.27
SM-Bord’ Aveg 65 3752.93 57.74 288.36
ANOVA
Source of S S df MS F P-value F crit
Variation
Between Groups 1801.79 2 900.90 1.34 0.26 3.04
Within Groups 128997.93 192 671.86
Total 130799.73 194
Table 39" Lower border morphology VAS--Deep bite group 3 investigator comparison.
Anova: Single Factor
3 Investigator Comparison-Deep Bite Border’
SUMMARY
Groups Count Sum Average
ER-Bord’ Deep 62 3476.58 56.07
AK-Bord’ Deep 62 3749.30 60.47
SM-Bord’ Deep 62 3765.99 60.74
Variance
958.33
764.32
377.14
ANOVA
Source of S S df MS
Variation
Between Groups 851.66 2 425.83
Within Groups 128087.05 183 699.93
F
0.61
P-value
0.55
Total 128938.71 185
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Table 40" Gestalt VAS--Open bite group 3 investigator comparison.
Anova: Single
Factor
3 Investigator Comparison-Open Bite Gestalt’
SUMMARY
Groups Count Sum Average Variance
ER-Gestalt’ Open
AK-Gestalt’ Open
SM-Gestalt’ Open
59 1526.09 25.87 684.93
59 2413.42 40.91 1026.56
59 1772.29 30.04 510.78
ANOVA
Source of Variation
Between Groups
Within Groups
ss
7113.09 2
128891.17 174
Total 136004.26 176
MS
3556.55
740.75
F
4.80
P-value,
0.01
t-Test" Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Gestalt
25.87 40.91
684.93 1026.56
59.OO 59.OO
0.00
112.00
-2.79
0.00
2.15
0.01
2
AK
Gestalt
40.91
1026.56
59.00
0.00
104.00
2.13
0.02
2.15
0.04
Ao3
Difference ER and AK
,SM
Gestalt
30.04
510.78
59.00
Gestalt
25.87
684.93
59.00
0.00
114.00
-0.93
0.18
2.15
0.36
2a’
SM
Gestalt
30.04
510.78
59.00
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Table 41" Gestalt VAS--Average overbite group 3 investigator comparison.
Anova: Single
Factor
3 Investigator Comparison-Average Bite Gestalt’
SUMMARY
Groups Count Sum Average
ER-Gestalt’ Aveg 65 2821.19 43.40
AK-Gestalt’ Aveg 65 4628.09 71.20
SM-Gestalt’ Aveg 65 3578.80 55.06
Variance
876.38
664.61
405.00
ANOVA
Source of Variation
Between Groups
Within Groups
SS df MS
25332.71 2 12666.36
124543.51 192 648.66
Total 149876.23 194
F
19.53
P-value
0.00
F crit
3.04
t-Test: Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
C’D _..../., 1/ A
Gestalt
43.40 71.20
876.38 664.61
65.00 65.00
0.00
126.00
-5.71
0.00
2.14
0.00
2.42
A/d
Gestalt
71.20
664.61
65.00
0.00
121.00
3.98
0.00
2.14
0.00
SM
Gestalt
55.06
405.00
65.00
ER
Gestalt
43.40
876.38
65.OO
0.00
113.00
-2.63
0.00
2.15
0.010
2.42
SM
Gestalt
55.06
405.00
65.00
All Different
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Table 42" Gestalt VAS--Deep bite group 3 investigator comparison.
Anova: Single Factor
3 Investigator Comparison-Deep Bite Gestalt’
SUMMARY
Groups Count Sum Average
ER-Gestalt’ Deep 62 3396.91 54.79
AK-Gestalt’ Deep 62 5013.98 80.87
SM-Gestalt’ Deep 62 3973.16 64.08
Variance
1021.07
583.08
602.37
ANOVA
Source of Variation
Between Groups
Within Groups
ss MS
21668.06 2 10834.03
134597.88 183 735.51
Total 156265.94 185
F
14.73
P-value
0.00
F crit
3.05
t-Test: Two-Sample Assuming Unequal Variances
Meal’l
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
ER Gestalt AK
54.79 80.87
1021.07 583.08
62.00 62.00
0.00
114.00
-5.13
0.00
2.15
0.00
2.42
Difference AK to SM-ER
AK
80.87
583.08
62.00
0.00
122.00
3.84
0.00
2.14
0.00
2.42
SM
64.08
602.37
62.00
ER
Gestalt
54.79
1021.07
62.00
0.00
114.00
-1.82
0.04
2.15
0.07
2.42
SM
Gestalt
64.08
602.37
62.00
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Table 43" Descriptive statistics of mean condyle inclination VAS score among different
overbite groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Cond’ Open
51.68
2.09
50.16
N/A
16.09
258.93
0.59
0.05
76.90
11.56
88.46
3049.28
59.00
4.19
Cond’ Average
54.94
1.76
55.10
N/A
14.16
200.61
-O.45
-0.21
64.05
22.66
86.71
3571.38
65.00
3.51
Cond’ Deep
57.28
1.56
57.11
N/A
12.25
150.04
-0.01
0.26
57.74
33.22
90.97
3551.24
62.00
3.11
Table 44: ANOVA of mean condyle inclination VAS score among different overbite
groups.
Anova: Single Factor
Condyle’ VAS Group Comparison
SUMMARY
Groups Count Sum
Cond’ Open (3) 59 3049.28
Cond’ Average (3) 65 3571.38
Cond’ Deep (3) 62 3551.24
Average
51.68
54.94
57.28
Variance
258.93
200.61
150.04
ANOVA
Source of Variation
Between Groups
Within Groups
Total
ss df
953.06 2
37009.52 183
37962.58 185
MS
476.53
202.24
F
2.36
P-value
0.10
F crit
3.05
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Table 45" Descriptive statistics of mean canal curvature VAS score among different
overbite groups.
Descriptive Stats
Mean
.Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Canal’ Open
(3)
40.12
2.48
41.41
N/A
19.01
361.55
-1.07
-0.02
66.88
9.52
76.40
2367.02
59.0O
4.96
Canal’Aveg
46.17
2.26
50.14
N/A
18.24
332.85
-0.91
-0.18
73.32
9.86
83.18
3000.79
65.00
4.52
Canal’ Deep
43.98
2.07
39.98
N/A
16.29
265.46
0.02
0.49
79.55
14.56
94.11
2726.78
62.00
4.14
Table 46", ANOVA of mean canal curvature VAS score among different overbite groups.
Anova: Single Factor
Canal’ YAS Group Comparison
SUMMARY
Groups Count
Canal’ Open (3) 59
Canal’ Aveg (3) 65
Canal’ Deep (3) 62
Sblm
2367.02
3000.79
2726.78
Average
40.12
46.17
43.98
Variance
361.55
332.85
265.46
ANOVA
Source of S S
Variation
Between Groups 1150.65
Within Groups 58464.90
2
183
MS
575.33
319.48
F
1.80
P-value
0.17
F crit
3.05
Total 59615.56 185
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Table 47" Descriptive statistics of mean symphysis morphology VAS score among different
overbite groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Sym’ Open (3)
35.55
2.56
35.20
N/A
19.66
386.64
-0.87
0.16
75.29
1.25
76.54
2097.65
59.00
5.12
Sym’ Aveg (3)
43.41
2.40
39.92
N/A
19.36
374.86
0.06
0.60
87.86
11.69
99.55
2821.97
65.00
4.80
Sym’ Deep (3)
54.18
2.47
52.33
N/A
19.44
378.04
-0.97
-0.01
77.26
15.17
92.43
3359.25
62.00
4.94
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Table 48: ANOVA and ad hoc t-tests of mean symphysis morphology VAS score among
different overbite groups.
Anova: Single Factor
Symphysis’ VAS Group Comparison
SUMMARY
Groups Count Sum
Sym’ Open (3) 59 2097.65
Sym’ Aveg (3) 65 2821.97
Sym’ Deep (3) 62 3359.25
Average
35.55
43.41
54.18
Variance
386.64
374.86
378.04
ANOVA
Source of Variation S S df MS F P-value F crit
Between Groups 10610.34 2
Within Groups 69476.39 183
Total 80086.73 185
5305.17
379.65
13.97 0.00 3.05
t-Test: Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two- -"tan
t Critical two-tail
Sym’ Sym’ Aveg
Open (3) (3)
35.55 43.41
386.64 374.86
59.00 65.00
0.00
120.00
-2.24
0.01
2.14
0.03
2.42
Sym’ Aveg
(3)
43.41
374.86
65.OO
0.00
125.00
-3.13
0.00
2.14
0.00
2.42
Sym’
Deep (3)
54.18
378.04
62.00
Sym’ Sym’
Open (3) Deep (3)
35.55 54.18
386.64 378.04
59.00 62.00
0.00
119.00
-5.24
0.00
2.14
0.00
2.42
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Table 49" Descriptive statistics of mean lower border morphology VAS score among
different overbite groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Bord’ Open (3)
34.84
3.00
30.57
N/A
23.02
530.15
-0.96
0.31
83.01
0.00
83.01
2055.78
59.00
6.00
Bord’ Aveg (3)’
54.20
2.53
51.88
N/A
20.40
416.09
-0.91
-0.02
77.38
14.21
91.58
3523.27
65.00
5.O5
Bord’ Deep (3)
59.10
2.87
63.59
N/A
22.60
510.89
-0.74
-0.47
85.59
6.30
91.90
3663.96
62.00
5.74
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Table 50: ANOVA and ad hoc t-tests of mean lower border morphology VAS score among
different overbite groups.
Anova: Single Factor
Border’ VAS Group Comparison
SUMMARY
Groups Count Sum Average
Bord’ Open (3) 59 2055.78 34.84
Bord’ Aveg (3) 65 3523.27 54.20
Bord’ Deep (3) 62 3663.96 59.10
Variance
530.15
416.09
510.89
ANOVA
Source of /ariation
Between Groups
Within Groups
SS df MS
19814.24 2 9907.12
88542.17 183 483.84
Total 108356.41 185
F P-value F crit
20.48 0.00 3.05
t-Test: Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tMl
t Critical two-tail
Bord’ Bord’
Open (3) Aveg (3)
34.84 54.20
530.15 416.09
59.00 65.O0
0.00
116.00
-4.94
0.00
2.15
0 0"
2.42
Bord’
Aeg (3)
54.20
416.09
65.00
0.00
122.00
-1.28
0.10
2.14
0.20
2.42
Bord’
Deep (3)
59.10
510.89
62.00
Bord’ Bord’
Open (3) Deep (3)
34.84 59.10
530.15 510.89
59.00 62.00
0.00
118.00
-5.84
0.00
2.15
0.00
2.42
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Table 51" Descriptive statistics of mean gestalt morphology VAS score among different
overbite groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Gestalt’ Open (3)
32.27
3.08
30.12
N/A
23.66
560.01
-0.46
0.62
86.64
0.03
86.67
1903.94
59.00
6.17
Gestalt’ Aveg (3)
56.55
2.70
57.76
N/A
21.75
473.19
-0.82
-0.21
89.48
8.49
97.97
3676.03
65.00
5.39
Gestalt’ Deep (3)
66.58
3.13
73.74
N/A
24.65
607.66
-0.45
-0.65
95.38
2.82
98.20
4128.01
62.00
6.26
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Table 52: ANOVA and ad hoc t-tests of mean gestalt VAS score among different overbite
groups.
Anova: Single
Factor
Gestalt’ VAS Group Comparison
SUMMARY
Groups Count Sum
Gestalt’ Open (3) 59 1903.94
Gestalt’ Aveg (3) 65 3676.03
Gestalt’ Deep (3) 62 4128.01
Average
32.27
56.55
66.58
Variance
560.01
473.19
607.66
ANOVA
Source of Variation S S df
Between Groups 37489.43 2
Within Groups 99831.73 183
Total 137321.16 185
MS
18744.72
545.53
F
34.36
P-value
0.00
F crit
3.05
t-Test: Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Gestalt’ Gestalt’
Open (3) Aveg (3)
32.27 56.55
560.01 473.19
59.00 65.0O
0.00
118.00
-5.93
0.00
2.15
0.00
2.42
Gestalt’ Gestalt’
Aveg (3) Deep (3)
56.55 66.58
473.19 607.66
65.00 62.00
0.00
121.00
-2.43
0.01
2.14
0.0167
2.42
Gestalt’
Open (3)
32.27
560.01
59.00
0.00
119.00
-7.81
0.00
2.14
0.00
2.42
Gestalt’
Deep (3)
66.58
607.66
62.00
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Table 53: Correlation coefficients among all direct and indirect Bjork predictor measures as
well as overbite (N = 186).
o.g.
I.I.
I.M.
AG
Notch
Skieller
Sym H
Sym D
Ratio
Sym
Ang
LFH
Cond’
(3)
Canal’
(3)
Sym’
(3)
Bord’
(3)
Gestalt’
Bjork
Total’
O.B. I.I. I.M. AG Skiel Sym Sym Ratio Sym LFH
Notch H D Ang
1
0.64 1
0.50 0.25
-0.39 -0.28
1
-0.27 1
0.39 0.41 0.13
-0.44 -0.35 -0.37
0.08 -0.09 0.04
-0.46 -0.26 -0.39
0.12 -0.16 0.21
-0.54 -0.42 -0.36
0.20 0.13 0.05
0.14 0.11 0.17
0.37 0.28 0.23
0.46 0.34 0.29
0.54 0.39 0.33
0.53 0.39 0.34
-0.36 1
0.42 -0.18 1
-0.02 0.25 0.32 1
0.44 -0.36 0.70 -0.43
-0.15 -0.32 -0.29 0.14
0.50 -0.17 0.78 0.28
-0.19 0.10 -0.07 0.13
-0.19 0.19 -0.17
-0.29 0.55 -0.33
1
-0.38 1
0.07 -0.22 0.20 -0.24
0.40 -0.58 -0.03
-0.60 0.43 -0.33 0.15 -0.42 0.20 -0.45
-0.61 0.55 -0.38
-0.59 0.56 -0.40
0.24 -0.53 0.20 -0.51
0.30 -0.58 0.19 -0.50
Cond’ Canal’ Sym
Cond’ 1
Canal’ -0.07 1
(3)
Sym’ 0.12 0.25
(3)
Bord’ 0.16 0.26
(3)
Gestalt’ 0.18 0.33
Bjork 0.33 0. 1
Total’
1
0.44
0.56
0.72
Bord’ Gestalt’
0.79 1
0.84 0.90
Bjork
Total’
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Table 54: Regression model 1 (Dependent variable overbite, Independent variable
interincisal angle).
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.64
R Square 0.41
Adjusted R 0.41
Square
Standard 3.87
Error
Observations 186
ANOVA
Regression
Residual
Total
1
184
185
SS
1952.20
2759.07
4711.26
MS
1952.20
14.99
F
130.19
Significance
F
0.00
Intercept
I.I.
Coefficients
-23.41
0.20
Standard
Error
2.34
0.02
t Stat
-9.99
11.41
P-value
0.00
0.00
Lower 95%
-28.03
0.17
Upper
95%
-18.79
0.24
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Table 55: Regression model 2 (Dependent variable overbite, Independent variable
interincisal angle, gestalt VAS score).
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.72
R Square 0.51
Adjusted R 0.51
Square
Standard 3.53
Error
Observations 186
ANOVA
Regression
Residual
Total
2
183
185
SS
2424.92
2286.34
4711.26
MS
1212.46
12.49
F
97.05
Significance
F
0.00
Coefficients Standard
Error
t Stat P-value Lower 95% Upper 95%
Intercept
I.I.
Gestalt’ (3)
-21.15
0.16
0.06
2.17
0.02
0.01
-9.75
9.07
6.15
0.00
0.00
0.00
-25.43
0.13
0.04
-16.87
0.19
0.08
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Table 56: Regression model 3 (Dependent variable overbite, Independent variable
interincisal angle, gestalt VAS score, LFH).
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.74
R Square 0.5 5
Adjusted R 0.54
Square
Standard 3.42
Error
Observations 186
ANOVA
Regression
Residual
Total
3
182
185
SS
2585.13
2126.13
4711.26
MS
861.71
11.68
F
73.76
Significance F
0.00
Intercept
I.I.
Gestalt’ (3)
LFH
Coefficients
o
-0 .UU
0.14
0.05
-0.14
Standard
Error
0.02
0.01
0.04
t Stat
8.O0
4.25
-3.70
P-value
a03
0.00
0.00
0.00
Lower 95%
-!6.50
0.11
0.03
-0.21
Upper
95%
-0.82
0.18
0.07
-0.06
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Table 57: Regression model 4 (Dependent variable overbite, Independent variable
interincisal angle, gestalt VAS score, LFH, intermolar angle).
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.78
R Square 0.61
Adjusted R 0.60
Square
Standard 3.19
Error
Observations 186
ANOVA
Regression
Residual
Total
4
181
185
intercept
I.I.
Gestalt’ (3)
LFH
I.M.
Coefficients
0.13
0.04
-0.10
0.29
SS
2864.16
1847.11
4711.26
Stan tar t
Error
1/ 1
V.UI
0.02
0.01
0.04
0.06
MS
716.04
10.21
t Stat
8.12
3.64
-2.81
5.23
F
70.17
P-value
0.00
0.00
0.01
0.00
Significance F
0.00
Lower 95%
-!
0.10
0.02
-0.17
0.18
Upper
95%
-39.70
0.17
0.06
-0.03
0.40
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Table 58: Regression model 5 (Dependent variable overbite, Independent variable
interincisal angle, gestalt VAS score, LFH, intermolar angle, symphysis depth).
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.79
R Square 0.6 2
Adjusted R 0.61
Square
Standard Error 3.14
Observations 186
ANOVA
Regression
Residual
Total
df SS MS
5 2937.86 587.57
180 1773.40 9.85
185 4711.26
F Significance F
59.64 0.00
Intercept
I.I.
Gestalt’ (3)
LFH
I.M.
Sym. D.
Coefficients Standard t Stat P-value Lower 95% Upper
Error 95%
-60.92 10.43 -5.84 0.00 -81.49 -40.34
0.14 0.02 8.49 0.0 0.11 0.17
0.02 0.01 2.02 tt.1)4 0.00 0.05
-0.15 0.04 -3.79 O. 0 0 -0.23 -0.07
0.28 0.05 5.07 0.00 0.17 0.39
0.37 0.14 2.74 0.01 0.10 0.64
Table 59: Correlation coefficients between the five Bjork predictors, which in combination
gave the best prognostic estimate for overbite.
Co"relations
O.B.
I.I.
I.M.
Sym. D.
LFH
Gestalt’ (3)
O.B. I.I. I.M. Sym. LFH Gestalt’ (3)
D.
1
0.64 1
0.50 0.25
0.08 -0.09
-0.54 -0.42
0.54 0.39
1
0.04 1
-0.36 0.28
0.33 0.24
1
-0.51 1
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Table 60: Descriptive statistics of Bjork Totals among different overbite groups.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Bjork Total Open
270.92
5.95
273.20
N/A
45.73
2091.57
1.63
-0.83
252.95
103.81
356.77
15984.57
59.00
11.92
Bjork Total Aveg
323.48
2.63
324.95
N/A
21.22
450.12
-0.71
-0.18
91.49
272.62
364.11
21026.24
65.00
5.26
Bjork Total Deep
348.79
4.09
351.05
N/A
32.23
1038.97
-0.45
-0.20
147.36
271.71
419.08
21625.11
62.00
8.19
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Table 61" ANOVA and ad hoc t-tests of Bjork Total among different overbite groups.
Anova: Single Factor
Bjork Total Group Comparison
SUMMARY
Groups Count Sum Average Variance
Bjork Total Open 59 15984.57
Bjork Total Aveg 65 21026.24
Bjork Total Deep 62 21625.11
270.92
323.48
348.79
2091.57
450.12
1038.97
ANOVA
Source of Variation S S df MS F P-value F crit
Between Groups 190075.26 2
Within Groups 213495.50 183
Total 403570.76 185
95037.63
1166.64
81.46 0.00 3.05
t-Test: Two-Sample Assuming Unequal Variances
Mean
Variance
Observations
Hypothesized Mean
Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Bjork Total Bjork
Op
Aveg
270.92 323.88
2091.57 50.12
59.00 65.00
0.00
80.00
-8.07
0.00
2.16
0.00
2.44
Bjork
Aveg
323.48
450.12
55.00
0.00
105.00
-5.20
0.00
2.15
0.00
2.43
Bjork
1 tCtb
Deep
348.79
1038.97
62.00
Bjork
Total
Open
270.92
2091.57
59.00
0.00
104.00
-10.78
0.00
2.15
0.00
2.43
Bjork
Total Deep
348.79
1038.97
62.00
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Table 62" Descriptive statistics of Bjork Total for open bite (T2) group (N 62).
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence
Level(95.0%)
Bjork
Total
272.74
4.93
274.52
N/A
38.84
1508.71
4.62
-1.35
230.64
103.80
334.44
16910.17
62.00
9.86
Table 63: Sample characteristics of open bite group with T2 films (N 62).
Sample Characteristics
N
Males
Females
Mean Open Bite
Standard Deviation Open Bite
Mean Age
Standard Deviation Age
Mean Bjork Total
Standard Deviation Bjork Total
Number Surgery
Backward Rotators
32
15
17
-2.02
1.75
17.76
5.22
246.04
33.63
21
Forward Rotators
30
13
17
-1.38
1.27
5.O2
301.23
18.38
2
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Table 64: T-test showing no difference in mean age between backward and forward
rotators in open bite (T2) group (N- 57).
t-Test: Two-Sample Assuming Equal Variances
Difference Between Age (29/28)
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Age-Backward
16.58
13.43
29.00
18.87
0.00
55.00
1.86
0.03
1.67
0.07
2.00
Age-Forward
14.44
24.51
28.00
Table 65: T-test showing no difference in mean initial overbite between backward and
forward rotators in open bite (T2) group (N- 57).
t-Test: Two-Sample Assuming Equal
Variances
Difference Between Open Bites (29/28)
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
OB-Backward
-2.00
3.05
29.00
2.35
0.00
55.00
-1.34
0.09
1.67
0.19
2.00
OB-Forward
-1.46
1.62
28.00
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Table 66" Sample characteristics of age and initial open bite matched T2 group (N 57).
Sample Characteristics
N
Males
Females
Mean Open Bite
Standard Deviation Open Bite
Mean Age
Standard Deviation Age
Mean Bjork Total
Standard Deviation Bjork Total
Number Surgery
Backward Rotators
29
13
16
-2.00
1.75
16.58
3.67
246.25
34.33
18
Forward Rotators
28
12
16
-1.46
1.27
14.44
4.95
300.20
17.98
2
Table 67" Chi-square test of observed vs. expected number of surgeries in backward and
forward groups in the open bite (T2) sample (N= 57).
BACKWARD
FORWARD
Surgical Expected 1
18
2
20
10.18
9.82
Non- Expected 2
surgical
11 18.82
26 18.18
37
29
28
57
18.850
3.84
1
Reject Null
p < 0.005
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Table 68" Sample characteristics of open bite T2 patients receiving orthodontic treatment
only (N- 39).
Sample Characteristics
N
Males
Females
Mean Open Bite (T 1)
Standard D. Open Bite (T1)
Mean Age (T1)
Standard Deviation Age (T1)
Mean Final Open Bite
S.D. Final Open Bite
Mean % Open Bite Correction
S.D. % Open Bite Correction
Mean Bjork Total
Standard Deviation Bjork Total
Backward Rotators
13
5
8
-1.17
0.96
16.04
3.40
0.38
2.00
0.45
0.70
251.69
20.10
Forward Rotators
26
10
16
-1.46
1.30
14.22
5.08
1.46
0.79
0.86
0.28
300.25
18.65
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Table 69" T-test showing no difference in mean age between backward and forward
groups in open bite (T2) patients receiving orthodontic treatment only.
t-Test: Two-Sample Assuming Equal Variances
Matched Age w/ Sx Out (13/26)
Age-Backward
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
16.04
11.56
13.00
21.15
0.00
37.00
1.17
0.13
1.69
0.25
2.03
Age-Forward
14.22
25.75
26.00
Table 70: T-test showing no difference in mean original open bite between backward and
forward groups in open bite (T2) patients receiving orthodontic treatment only.
t-Test: Two-Sample Assuming Equal Variances
Matched Open Bite w/ Sx Out (13/26)
OB-Backward
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
-1.17
0.90
13.00
1.44
0.00
37.00
0.71
0.24
1.69
0.48
2.03
OB-Forward
-1.46
1.70
26.00
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Table 71" T-test showing no significant difference in mean Bjork Total between backward
and forward groups in open bite (T2) patients receiving orthodontic treatment only.
t-Test: Two-Sample Assuming Equal Variances
Matched Bjork Total w/ Sx Out (13/26)
Bjork Total-Backward
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
251.69
404.13
13.00
366.19
0.00
37.00
-7.47
0.00
1.69
0.00
2.03
Bjork Total-Forward
300.25
347.97
26.00
Table 72: T-test showing no significant difference in mean treatment length between
backward and forward groups in open bite (T2) patients receiving orthodontic treatment
only.
t-Test: Two-Sample Assuming Equal Variances
Tx Length-Backward Rotators vs. Forward Rotators (N=13/26)
Length Tx-Backward Length Tx-Forward
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
2.59
O.56
13.00
0.89
0.00
37.00
-1.45
0.08
1.69
0.16
2.03
3.05
1.04
26.00
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Table 73: Descriptive statistics of mean final overbite among backward and forward group
in open bite (T2) patients receiving orthodontic treatment only.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence Level(95.0%)
Final OB-Backward
0.38
O.55
1.00
N/A
2.00
3.99
2.50
-1.92
5.86
-4.16
1.70
4.99
13.00
1.21
Final OB-Forward
1.46
0.15
1.33
N/A
0.79
0.62
0.17
0.20
3.29
-0.27
3.02
37.97
26.00
0.32
Table 74" T-test showing significant difference in mean final overbite between backward
and forward groups in open bite (T2) patients receiving orthodontic treatment only.
t-Test: Two-Sample Assuming Unequal Variances
Final Overbite-Baekward Rotators vs. Forward Rotators
(N=13/26)
Mean
Variance
Observations
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Final OB-Backward
0.38
3.99
13.00
0.00
14.00
-1.87
0.04
1.76
0.08
2.14
Final OB-Forward
1.46
0.62
26,00
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Table 75: Descriptive statistics of mean percent correction among backward and forward
group in open bite (T2) patients receiving orthodontic treatment only.
Descriptive Stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence Level(95.0%)
% Correction-Backward
0.45
0.19
0.77
N/A
0.70
0.49
2.15
-1.83
2.03
-1.14
0.90
5.83
13.00
0.42
% Correction-Forward
0.86
0.06
0.83
N/A
0.28
0.08
1.64
-0.01
1.36
0.09
1.46
22.24
26.00
0.11
Table 76" T-test showing significant difference in mean percent correction between
backward and forward groups in open bite (T2) patients receiving orthodontic treatment
only.
t-Test: Two-Sample Assuming Unequal Variances
% Overbite Correction-Backward Rotators vs. Forward Rotators
(N=13/26)
Mean
Variance
Observations
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
% Correction-Backward
0.45
O.49
13.00
0.00
14.00
-2.01
0.03
1.76
0.06
2.14
% Correction-Forward
0.86
0.08
26.00
184
Table 77" Descriptive statistics of mean total overbite correction among backward and
forward group in open bite (T2) patients receiving orthodontic treatment only.
Descriptive stats
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence Level(95.0%)
Total OB Correction-Backward
1.55
0.63
2.53
N/A
2.28
5.21
1.09
-1.38
7.22
-3.28
3.94
20.17
13.00
1.38
Total OB Correction-Forward
2.92
0.26
2.61
N/A
1.31
1.72
1.39
0.83
6.16
0.23
6.39
75.85
26.00
0.53
Table 78"- T-test showing significant difference in mean total overbite correction between
backward and forward groups in open bite (T2) patients receiving orthodontic treatment
only.
t-Test: Two-Sample Assuming Unequal Variances
Total Overbite Correction-Backward Rotators vs. Forward Rotators
(N=13/26)
Mean
Variance
Observations
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Final-Initial-Backward
1.55
5.21
13.00
0.00
16.00
-2.00
0.03
1.75
0.06
-2.12
Final-Initial-Forward
2.92
1.72
26.00
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Table 79: T-test showing no significant difference in mean age between backward and
forward groups in open bite (T2) patients with all surgical candidates dropped.
t-Test: Two-Sample Assuming Equal Variances
Matched Age All Sx Out (N=11/26)
Age-Backward
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
16.07
13.81
11.00
22.34
0.00
35.00
1.09
0.14
1.69
0.28
2.03
Age-Forward
14.22
25.75
26.00
Table 80: T-test showing no significant difference in mean original open bite between
backward and forward groups in open bite (T2) patients with all surgical candidates
dropped.
t-Test: Two-Sample Assuming Equal Variances
Matched Open Bite All Sx Out (N=11/26)
OB-Backward
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
-1.21
1.06
11.00
1.52
0.00
35.00
0.55
0.29
1.69
0.59
2.03
OB-Forward
-1.46
1.70
26.00
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Table 81" T-test showing significant difference in mean Bjork Total between backward and
forward groups in open bite (T2) patients with all surgical candidates dropped.
t-Test: Two-Sample Assuming Equal Variances
Matched Bjork Total All Sx Out (N=11/26)
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
Bjork Total-
Backward
250.91
476.34
11.00
384.65
0.00
35.00
-6.99
0.00
1.69
0.00
2.03
Bjork Total-
Forward
300.25
347.97
26.00
Table 82" T-test showing no significant difference in mean treatment length between
backward and forward groups in open bite (T2) patients, with all surgical candidates
dropped.
t-Test: Two-Sample Assuming Equal Variances
TxLength-Backward Rotators vs. Forward Rotators (N=11/26)
Length Tx-Backward Length Tx-Forward
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat
P(T<-t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail
2.52
0.57
11.00
0.91
0.00
35.00
-1.54
0.07
1.69
0.13
2.03
3.05
1.04
26.00
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Table 83" Fisher exact test showing significant difference (p 0.01) between observed vs.
expected values in outcome rank among backward and forward group.
Observed Final Overbite-Measure of Outcome
BACKWARD FORWARD
POOR 4
FAIR 7
GOOD 0
11
6
12
8
26
10
19
8
37
FISHER EXACT TEST
P = 0.01
Table 84: Correlation coefficients of direct and indirect measures with overbite (N 186)
(NS "not significant").
O.B.
I.I.
I.M.
AG Notch
SMeller
Sym H
Sym D
Ratio
Sym Ang
LFH
Cond’ (3)
Canal’ (3)
Sym’ (3)
Bord’ (3)
Gestalt’
p value
1
O. 6 4 11.30 p < 0.001
0.50 7.83 p < 0.001
-0.39 -5.75 p < 0.001
0.39 5.75 p < 0.001
-0.44 -6.65 p < 0.001
O.O8 1.09 NS
-0.46 -7.03 p < 0.001
0.12 1.63 NS
-0.54 -8.70 p < 0.001
0.20 2.77 p < 0.00!
0.14 1.92 NS
0.37 5.40 p < 0.001
0.46 7.03 p < 0.001
0.54 8.70 p < 0.001
Appendix III-
Worksheet provided for training and calibrating investigators
for indirect measurements of Bjork predictors.
Condylar Inclination
Dry Skull Radiograph
No No
image image
available available
Dry Skull Radiograph Dry Skull Radiograph
Definite
1
ndyle
Lge!..h....i...:.\]\ A.!.!!.!!.Trly
Comments: The condylar inclination can be perceived by analyzing the condylar neck shape and
direction. For the forward rotator, the anterior surface of the neck of the condyle tends to have
greater concavity than the posterior surface. For the backward rotator, the condyle tends to be
"linear" (long and skinny). In the average rotator the concavity of the neck of the condyle is
more uniform on the anterior and posterior surfaces; the condylar neck is more easily seen.
188
189
Mandibular Canal
Radiographic Imase
Estimated shape of mandibular canal
Tracin of mandibular canal
Radiographic Image
Estimated shape of mandibular canal
Tracin of mandibular canal
190
Symphysis
Radiographic Image
Skieller method:
In forward rotators, tangent line to
anterior surface of symphysis forms obtuse
anle with N-S line
Radiosraphic Imase
Skieller method:
In backward rotators, tangent line to
anterior surface of symphysis forms
acute anle with N-S line
191
Mandibular Border
Radiographic Image Radiographic Image
Dry Skull
Tracing from Skieller
Dry Skull
Tracing from Skieller
Comments: Lower border morphology may be perceived by analyzing both geometry of the
structure and bone thickness. For the forward rotator, the pronounced apposition below the
anterior part of the mandible produces anterior rounding with a thick cortical layer. The
patient has the classic "rocker jaw".
For the backward rotator, there is an almost linear shape to the anterior lower border. The
cortical layer is thin. There is apposition below the posterior, angular part of the lower border;
resulting in a convex shape and deep antegonial notch.
192
The Big Picture: Forward Rotator
A. Dry Skull B. Radiograph
D. Cranial Base Superimposition
Forward growth rotation is characterized by:
Anteriorly directed condyle
Acute curvature to mandibular canal
C. Mandible
E. Mandibular Superimposition
Convexity to the lower border of the
mandible ("Rocker Jaw")
Prominent symphysis and chin
193
The Big Picture: Backward Rotator
A. Dry Skull B. Radiograph C. Mandible
D. Cranial Base Superimposition
Backward growth rotation is characterized
by:
Posteriorly directed condyle
Obtuse curvature to mandibular canal
E. Mandibular Superimposition
Linear, thin lower mandibular border
with deep antegonial notch
Deficient symphysis and chin
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